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LOO Years of Grain Saving 


Different Kinds of Crops 


Nothing Takes the Place of Knowing How 


Out of a century of experience in building machines to save se«:|s 
and grains has come the two-fold Case principle, “capacity where it 
counts.” It holds that useful capacity of a combine is not measur ( 
at the cutter-bar, but at cylinder, rack, or sieve. It also holds that 
useful capacity exists only to the extent that substantially all of the 
seed or grain in the crop is saved, even under adverse conditions. 
* * * Case combines are designed with extra emphasis on the dilli- 
cult end of the operating range. Naturally this makes operation 
easier and faster under average conditions. It also makes for lower 
upkeep and longer combine life. * * * The 6-foot Model “A.” 
above, with lowered center of gravity is more than ever the machine 
for contoured and terraced fields. J. I. CASE CO., Racine, Wis. 
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Pretabricated, Small 


Bhyawiororal 


Grain Bin 


The operating efficiency of many 
poultry men or small scale livestock 
feeders may be materially increased 
by conveniently-located grain storages. 


A simple prefabricated plywood 
grain bin, 8’ x 8’ x 8’ in size, with 
400 bushel storage capacity, may be 
used in a number of ways. 


Five 8’ square panels for the floor 
and four walls, as shown in the photo- 
graph, make a bin to be placed inside 


Mex 46°HATCH 
4a" PLY. 


2-2°x6°AT ENDS 


|” SAwed DrAGoNALiyY — 


Vane" TIES 
ACROSS AT CENTER 


Ya" EXT. FIR 
PLYWOOD SIDING 


36” EXT. DFP FLOOR 


Side view of the plywood grain bin, with 
cut-away cross-section showing framing 
detail 


6-4o'x 3%" Bours 
126" TH 

UNOER PLATE 
8- Yen 4° Lac 
SCREWS & WASHERS 


1X6" GRAIN DEFLECTOR 
8-94" 4°LAG SCREWS 


SOLE ANCHORAGE CORNER DETAIL 


Detail of sole anchorage and corner 
construction 


of the poultry house or barn. If 
placed on the second floor, a gravity 
chute cut into the bin floor can dis- 
charge into a first floor hopper. Two 
experienced men should easily con- 
struct the panels in three days and 
assemble them in two hours. Estimat- 
ing labor costs at $6.00 per man-day 
and allowing normal retail material 
prices gives a total cost of about 
$100, or 25 cents per bushel capacity. 


The same structure with the addi- 
tion of skids and roof, (as shown in 
the drawing), makes a field or feed 
lot bin. A portable elevator may be 
used to load or unload the bin. A 


homemade elevator of suitable length 
and constructed with plywood trunk- 


ing will be light enough to be handled 
by one man. 


bushel capacity) 


These bins may also be used in series 
of three or four as illustrated above. 
(1600 bushel capacity) 


Typical arrangement of plywood grain 
bins and 20-foot vertical elevator (800 


Setting several bins on a concrete 
foundation with adjoining concrete 
pit and vertical elevator makes a small 
two to four bin elevator of 800 to 
1600 bushel capacity as shown in 
the sketches. The elevator, 20’ high, 
is a simple construction job using ply- 
wood trunking. 


A short-time loading test to prove 
the bin design was conducted by fill- 
ing the bin with wheat, one of the 
heavier grains. Results after three 
days, as published in AGRICULTUR- 
AL ENGINEERING, June 1943, show 
that the plywood deflection between 
studs was only about 1/8”. Maximum 
deflection in the studs was 5/16 inch. 


Construction details are available 
from the University of California, 
Plan C-531. 


The completed, assembled plywood 
grain bin used in test at the Uni- 
versity of California 


BIN SPECIFICATIONS 
Floor 


6” x 6” x 9/0” skids. 2” x 6” joists and 
header, with 2” x 4” center bridging. 
3/8” x 4 x 8 Exterior SolS grade ply- 
wood nailed with 6d nails spaced 6” o.c. 
for flooring. 


Walls 


V4" x 4 x 8 Exterior SolS plywood panels 
nailed in vertical position over 2” x 4” 
studs 12”0.c. and 2” x 4” plate and sole 
with 6d galv. nails 4’0.c. Space 3/8” x 4” 
lag screws 12”0.c. to fasten sole and cor- 
ner joints. Bolt 1” x 6” diagonal ties under 
plate across corners and 1” x 6” cross ties 
at center. 


Roof 


Rafters 2” x 4” spaced 24/0.c. and cov- 
ered with V4” x 4 x 8 Exterior SolS 
Douglas fir plywood laid across rafters. 
Fill gable ends with 1” x 6” shiplap cov- 
ering over top of plywood wall panels, 
and cover ridge with two 1” x 6” ridge 
boards. 


Painting 


Paint walls and 


roof with best quality 
exterior paint. 


Douglas Fir Plywood Association 
Tacoma 2, Wash. 


193 


Pe a Bae), Oe ie a ee ae Mem ss TS OM hs Sagem, ug ete ie ee eS : Hee AN ee 
I. ee ee 1 ap = is. mes Sk ea eh ames oe eh ee Eee : ane a 
ve es ee os 00m Ree ee ke Se ree Bad Lace! 
a 
SLASH ALL UN. aS Are Tae i. Seoeeee ae a 
ne a ELL ee a FS 
$+ 2" # earrens@n'¢ Wea: i "16" sANED DING Sia Sales Pager 
is at —— eee » . ee oe 3 
OF Pe seg Sk a 7 : oe : eee 
| WI ee : Re fio 
| \ 4 ‘ce ere Le a4 _— 
5 ee 
: ae. el 
' 4 ee oo a 3 
a REC NTS ke : s ee S oe : 7 
Be 2 te & i . a | ? = - 
4 ae IN ; ee ee 
i) ae x : tn Ue ee oe ee 
Se nF " * Set, ee < Elaeety : : : rd 
: we Se in 
ees 
ree,’ | 
See ie a | ‘ 
ad eg age ; ’ 
Ye appa a (| JS Beit oe enna See 
<2 see ats a tae ak | - 
. ~ SE oe ‘ i 
WE ZZ > = ry 
eee ft ys" o—— 6x 6" Sxios —> 
apa F 
org 
Aaa — 
Rca fF = — ile — 
ey “Dire eas 
sa aS | (eee! 
SY: ‘ 1 
oo f | pul ts 
eee | pease Bef , <a 
: Bip a) = 
SE ee agi iy =: 
Vy vt Fe 
SSS 
_ PO 
i a - : 
as : 
—_ ae a DOUGLAS FIR 
~ co iii ig MEE OD ee 
i PINWOOD 
: ; 44h Se 
Ny; —— hyrys al <page: agaatio® 
\N} in 
ALL NTE LARGE. LIGHT STRONG, 
ait |) kus Real Wood 
yy os ‘! ea 
raf ru 
Hig yl hy be PANELS 
1 4 I | oe me 
Brawuiee le 
Ek yyy ee “asad 
See a eee 
AGRICULTURAL ENGINEERING for May 1946 || 
4 . ,; 
pi CG Len «tea ie ee | ie ee 33 —- = 1s 2. io ads 6a Pe et eS ea fé ey i: 4 Se Oe SR ee 2, oO” eee - Le or g £54. A er r ¢ i ‘ Ee oe 


AGRICULTURAL ENGINEERING 


Established 1920 


This Journal is owned, edited, and 


CONTENTS FOR MAY, 1946 published monthly by the American 
: Society of Agricultural Engineers. 
Vol. 27, No. 5 Editorial and advertising departments 


at the executive office of the Society, 
S$ Saint Joseph, Michigan. Publication 
office at Benton Harbor, Michigan. 


EDITORIAL 


OFFICERS AND COUNCIL 
Air Flow «Nn DryING BALED Hay WITH OF THE A.S.A.E. 

SN EIU icc ctcepeucrtiin 203 J.D. Lone . . . . . President 

By R. C. Miller R. H. DrirtMIER . . Past-President 

A. W. TuRNER . . Past-President 

W. J. Couttas . . . Councilor 


OBSERVATIONS ON THE RESISTANCE OF 


ae We hm a ieee 209 nS . . - «Comey 

: F. E. Price . . . . Councilor 

By Andy T. Hendrix D. A. MILLIGAN . . Councilor 

W.D. ELLIson . . . Councilor 

THE DIsTRIBUTION OF AIR THROUGH F. C. FENTON . . . Councilo) 

REA creer eo oe te 213 a 

By F. W. Duffee RAYMOND OLNEY, Secretary-Treasure) 

RALPH A. PALMER,Assistant Secretar) 

PROBLEMS IN HANDLING DAMP HAY.u.sscccssccsssscsccssssssssesseeseeseeeee 214 ee 
By R. C. Shipman The A.S.A.E. is a member of 


a ll AMERICAN ASSOCIATION FOR THE 


ADVANCEMENT OF SCIENCE 


“PROFESSIONAL AGRICULTURAL ENGINEERING 


SERVICE FOR FARMERS (Letters) AupiIt BuREAU OF CIRCULATIONS 


AIR FLOW IN THE MAIN DUCT OF A BARN 
ge 1 1 a ee eee 217 ADVERTISING REPRESENTATIVES 


By G.W. Steinbruegge Chicago, 2: Dwight H. EarLy 
i 100 North LaSalle St. 
Telephone: CENtral 2184 
PROGRESS REPORT ON COMPARING THE EFFICIENCY ss 
OF THREE METHODS OF HARVESTING New York, 17: A. M. Wittcox 


AND PRESERVING FORAGE CROPS .000..00--:0---ccosocesesoeeeoee 219 420 Lexington Ave. 


Tele: LEXington 2-4816 
By R. E. Hodgson, ]. B. Shepherd, 
L. G. Schoenleber, H. M. Tysdal 


7 é SUBSCRIPTION PRICE: $3.00 a year, plus 

and W. H. Hosterman an extra postage charge to all countries 
to which the second-class pustage rate 

does not apply; to A.S.A.E. members 


>) >, o anywhere, $2.00 a year. Single copie: 
FREEZING RATES OF Foops IN A LOCKER PLANT (eunvent), 30 conte cach. 


Re Fe nics 223 Sah tenis Melee: Malini aeemene 
: : class matter, October 28, 1933, at th: 
By John E. Nicholas post office at Benton Harbor, Michigan 


under the Act of August 24, 1912. Addi 

tional entry at St. Joseph, go 

< 4 f ili e specia 

Hay MAKING IN THE NEBRASKA SAND HILLS... 00-0 226 pr eR Ay lg = ooo 

, a . 1108, Act of October 3, 1917, authorize’ 
By L. F. Larsen August 11, 1921. 


The American Society of Agriculturs 
Engineers is not responsible for state 


A FLOAT METER FOR CONCRETE PIPE ments and opinions advanced in it 
meetings or printed in its publications 
ERRIGATION SYSTEM QUT UES ccc sccsccccscscsecscsccccccsccsscectcccccs 228 they represent the views of the ind 
viduals to whom they are credited anc 
By C..N. Johnston are not binding on the society as 4 

whole. 


N S TITLE: The title Ee — 
EW: NU ioe con a aga eats echt een Neate Sc pshatsbaaristhastatasaaseasigaetids NEERING is registered in e Unites 
. 23 \ States Patent Office. 
CoPYRIGHT: Copyright, — 1 th 
5 3 American Society of Agricultura’ ng) 
BBRRSORUD EE: MICE assassin bandana indeecldcstse dine 238 neate: 


‘1S eae Se li Se “e cae’ ee oe ee fs ane See <i. th “ae * comets 
a 2 ee Fg 7 7 one 

3 GG 2 Ger ets el eames 2 ig cS sae 

ce a eee iitate eae My ope wd eo et rr ingle. ae 

ec ee — ot . ' Ee re ; Be Bee ae 
Pe ig it ie 4) a ie? 
fies 9 

bs Pe e: 

er, Ne 

~ ae 
Goat | Saag = OOOO OOOO CO eee Og ees ; 
sree oa || bao - 

rage AR a: | 
la 1 es = 

hems t Alta eae 

Peon Ta 

x sy fy tee 

eal 2! He 

os Ele 

eae Wat 

een TC 

Bales 41 ype 

, 35 Bh. : beds 22 i cee 

pie | a f | 

pares ha Bal 

1a Relde po 

Beer te 

pee >| Pie i 

Wee? doran: om 

eS Nea 

1 a A 

Minar sta 

a ih —$——— 

es Late 

var | ole fess 

aie Be itp di — | a ae ae 

ee eR le ee cone, ee ee STE 

ba § a gt os 

za aa 7 at ~ ee 

Sta be 

*¢ ae i ae ei 

a pelt ce 

As a; 4 a ae “ 

fae) 

PS | ee 

1 RE RE Dia °° 

. egg Ba eee 

4, he i 

a De ac 

‘Gea Ned pee nd 

Ben Gf PN? 

SAA oe 

oak a tae 

«AN Se 

Pea | | eee 

sath 

Seed ait <t\a 

TSP C1 Re 

ays le 

He allie 

Sioa ane 

pa tog ved Oo cee “8 

a a : 

Tea ee ; 23 

ae if ha i 

Bes | ae 

Be sites 

Jee a ea es 2 

oY Baal pee 

hh ort lige eee 

ab LPalles ce : : 

raghy | | ea 

me th ee 

paren ‘A ay a 

Ene Wai) oa 

fet ati t 4 

rey iy 1] Ren) 

all Sr a 

ATE 2s mee as oe 

Peau Salta 

pes a0 Se § Baa eS ¥ 

ee ats : 

Neos ag Bed eke 

Bit 

32 | wea nd ie 

4 93) hi ae 

brett Z 

Gh tH ae 

> eal sty ag fe: 

po le ee ] 

Pak Baa ee. 

as tall en pee 

Pa an Sha : 

AR ae Ru dtl eee 

ese lt Seid 

eae kd eaaera 

Loerie) wy a ie 

ets Pl ag 

bc)? cod am 

a oa cv Sa 

RAG Bee 

bt al ye te 

ein Bia | | ae 

1) felon be See 

yee EY ides 

ras Cae 

bate ’ beget 

esr a Reseeee 

eed bk 

Peart Bll - 

eo a ee 

be oa 

eee | |i 

seman ECM ges 

Ps Ps] Slr 

are (oa tases 

a ae 

i. 3 : ee 

ET ea a 

Pca ee 

Le NE pee SS 
agra Sen 
Saepeimn Mie bas 
Fay 4 ia eas 
pe | a 

Bice | a 
C2 Fis Ge eee 
Ba fd | eee 
tear oii 

Rene |< soe 

2 

Eee ; bt BivEs. me — ' 
ate Be a i“ pat Po Anes Oe eS et eee Poot pie ee Bi ee —" i cca ou Ba: 
; fae aa FR Ae < “ : ene oui peieee = Mah A: pode. Toearm egeteci { 2 Pare ee ee ie ba ee ee re) fae oe ae tar 


HE 


AGRICULTURAL ENGINEERING for May 1946 


201 


EDITORIAL 


Progress via Teaching Route 


i THE current gold rush, one large nugget of real op- 
portunity seems to be going begging, at least according 
fo some reports. 

That opportunity is in teaching. The A.S.A.E. Per- 
sonnel Service reflects an active demand for teachers in 
agricultural engineering, and only a few young men indi- 
cating any interest in this phase of the work. 

It is time to discount musty jokes about the absent- 
minded, impractical professor, to their limited value as 
warnings of human weakness to which we all are sus- 
ceptible. 

It is time to recognize that, in the professions, prac- 
tically all of the top leaders, and men on their way up, are 
teachers in the truest sense of the word. Success in dealing 
with the human factor demands it. And men in the educa- 
tional field are among the leaders in the professions. 


It is time to stop thinking of teaching as a procedure 
or a routine job, and to start thinking of it as an achieve- 
ment—an accomplishment which is the result of many 
procedures and other influences. Teaching has been done 
only when someone has been helped to learn. A teacher is 
one who helps others to learn, regardless of his employ- 
ment, location, position, profession, vocation, age, or his 
own degree of learning. 

It is time to recognize, and help young agricultural 
engineers to realize, that a few years of college teaching 
offer a great opportunity for personal and professional de- 
velopment. It encourages the profitable habit of continued 
study and learning. It provides continued contact with youth 
and with leaders in this and other branches of engineering, in 
agriculture, in research, and in business, industry, and com- 
merce. It may provide opportunity for original work in 
some phase of teaching, or in research, public speaking, 
writing, or invention, for professional recognition or finan- 
cial profit. 

It provides some foundation for the most difficult teach- 
ing job of all, which often arises in engineering practice 
and administration, and on which the success of a specific 
project and individual may largely depend — the teaching 
of some specific fact to some few or few thousand indi- 
viduals who may range from illiterates to doctors of philos- 
ophy; who may have only a latent trace of remaining desire 
or ability to learn; who may wield tremendous influence ; and 
who, for reasons of their own, may prefer to believe and 
advocate something entirely different. There is a teaching 
problem — and it will arise repeatedly in the career of an 
engineer who is going beyond routine technician work — 
to make any engineer wish he had the background of a few 
years of professional teaching experience. 

There is time enough, after a few years of college 
teaching, for the young agricultural engineer to decide 
whether he wants to apply his professional and educational 
training and experience to a lifetime career in public serv- 
ice, industry, or private practice; in continued teaching or 
in research, design, development, sales, management, ad- 
ministration, or some other direction. He will be better 
prepared to make a sound choice and to make the most of 
his choice. 

During the past 30 years, a substantial number of agri- 
cultural engineers have gone into industrial or commercial 
work via the teaching route. We doubt if any of them re- 
gret their teaching experience. We believe most of them 
will agree that it has helped qualify them to obtain and 


hold better jobs than they might have obtained without it. 

Opportunities in college teaching are too few to be 
available to all agricultural engineering graduates. And 
most of us lack the aptitude to ever become truly great 
teachers. But when teaching opportunities go begging 
while young agricultural engineers are looking for work, 
the apparent implication is that many of them are over- 
looking an enviable chance to improve their qualifications 
as agricultural engineers. 


The St. Louis Meeting 


NE of the privileges of peace which agricultural engi- 

neers will appreciate is the return of the annual 
meetings of the American Society of Agricultural Engineers. 
It would be superfluous to urge attendance at St. Louis, 
June 24 to 26; all who can will be there. 


This meeting will necessarily reflect postwar problems— 
the opportunities and responsibilities literally thrown at 
agricultural engineers by current world food shortages, 
scarcity and high cost of farm labor; the backlog demand 
for farm building materials and operating equipment; 
preparation to resume long-time programs in conservation, 
education, extension, research, and professional develop- 
ment; preparation to make peacetime use of warborn techni- 
cal progress; preparation to be of maximum service in a 
world of changed conditions, difficult readjustment, and 
enlarged opportunity. 

It will reflect a state of flux among agricultural engi- 
neers, with men returned to this field from other war work 
present to reacquaint themselves with its personalities, 
technical progress, and current problems. Many men will 
be in new positions taken since the last meeting. Some will 
be looking for new talent, or for new positions. 

Briefly, it will be a time for finding out ‘who's who and 
what’s what” today in agricultural engineering, for lining 
up and getting set for a long, hard, and we hope success- 
ful, pull toward a sound peacetime gs sans Prati 
ally, professionally and as a factor of increased importance 
in the economic and social development of whole com- 
munities. 


Farm Work Simplification 


SIGN of the times is a marked increase in interest in 

farm work simplification. Farmers are thinking in 
terms of producing more dollar value with less labor. They 
are ready to cut some corners which they have been walking 
around needlessly for years. 

It is a wide-open field. No one has a monopoly on 
originality. Most farmers have some good labor-saving 
practices, original or borrowed, and the best farmers are 
more than ever searching for any labor-saving opportunities 
which they may have previously overlooked. 

All farm work simplification is not engineering. Some 
of the opportunities in this direction are in management, 
shop practices, and the applied biological sciences. But it 
is right down our alley, and we may do well to see wherein 
agricultural engineering can help along the good cause. 

Farm work which requires a lot of labor is readily 
identified by types — chores, hand picking, plant and ani- 
mal care, hand and leg operations, repair jobs. 

From an engineering viewpoint farm work simplifica- 
tion is one phase of labor saving. It is the farm practice, 
method, or use phase of mak- (Continued on page 222) 
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Kine rancu, Kingsville, Texas, has a 


“good start” on its terracing program with over 
200 miles built to date. Diesel No. 


12 Motor Graders have proved they are the most 


“Caterpillar” 


efficient units for this work. 

“A No. 12 Motor Grader’, states Steve Cavasos, 
Ranch Equipment Foreman, “decreases costs 50% 
and increases production 20°¢—as compared with 
tractor and blade.” 

The No. 12s are building “King Ranch Spe- 
cials”—wide base terraces with ample elevation 
and generous channel capacity. A No. 12 builds 


330 feet (average) per hour of this 14-round terrace. 


CATERPILLAR TRACTOR 


c 


A heavy-duty “Caterpillar” Diesel Engine backs 
the No. 12’s large capacity —and it’s rear-mounted 
so that traction weight is equally divided over 
the 4 tandem drive wheels. These wheels provide 
compaction needed to produce a firm terrace 
structure. 

The one operator commands the full range of 
useful blade positions through time-saving power 
controls. With quick, self-transport, the No. 12 
rolls from farm to farm at 10 to 15 miles per 
hour. 

“Caterpillar” Motor Graders have a remarkable 


terracing story for Soil Conservation Engineers! 
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Air Flow in Drying Baled Hay with Forced Ventilation 


By R. C. Miller 


MEMBER A.S.A.E. 


RYING baled hay with forced natural-air ventila- 
tion is not as easily accomplished as drying long 
loose hay; however, successful experience should 

be a good illustration of the factors and principles involved 
n the design and operation of a baled hay drier. The ex- 
perience of Herbert Muffley in designing, constructing, and 
operating a baled hay drier, which proved quite successful 
‘n 1945, may thus serve as an example to farmers, sales- 
men, and engineers. Mr. Muffley produces alfalfa hay on 
78 acres of his 80-acre farm near Easton, Pennsylvania. 
The first and very important thing Mr. Muffley did was 
‘0 get information concerning the practice and methods of 


This paper was presented at the barn hay-curing conference 
sponsored by the Committee on Hay Harvesting and Storage of the 
American Society of Agricultural Engineers at Lafayette, Ind., 
january, 1946. 

R. C. MILLER is professor of agricultural engineering, Ohio 
State University, and associate agricultural engineer, Ohio Agri- 
cultural Experiment Station. 
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mow drying long hay. He attended the A.S.A.E. hay dry- 
ing conference held at Knoxville, Tennessee, in December, 
1944, and this gave him an opportunity to observe installa- 
tions and the results of the method. My first interview with 
him was in the spring of 1945 when he drove to Colum- 
bus, Ohio, to get help in organizing a program of design 
and operation for his farm. He came prepared to give in- 
formation on the amount of hay he had to cure in a season 
and also the equipment he had available for drying, han- 
dling, and storage. So far he had already done much more 
than we could expect the average individual to do in plan- 
ning a hay drier. 

The 78 acres of alfalfa had been producing about 100 
tons or 3,000 bales of air-dried hay in each of the first and 
second cuttings. The third cutting produced about one- 
half that much. Mr. Muffley preferred a system where he 
could dry the hay in a certain place and then move the bales 
to his main storage. If each batch is dried in about seven 
days, then there could be at least two batches for each cut- 


* * 


SECTION 


Fig. 1 (Left and above) Floor plan and section of drier 
and storage for baled hay on the Herbert Muffley farm in 
Pennsylvania. (Below) Hay baling, transporting, drying 
and storage equipment on the Muffley farm. The baler 
picks up the hay from the windrows, and the bales are 
! delivered directly to the trailer wagon. In the back- 
ground is the Dutch-type overhanging barn used for stor- 
age, with the drier shed at the right. The heating plant 
is located at the end of the shed at the extreme left, 
about 30 ft south of the barn 
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ting. Thus the drier should handle about 1500 bales in 
each batch. Results of the 1944 Purdue University studies 
indicated that bales should not be stacked over five or six 
tiers high in the drier. This pave a basis for the size of 
drier and storage structure needed. 

The storage buildings on the Muffley farm consisted of 
a “Dutch” type overhanging barn 34x60 ft with a 16-ft 
shed across the east end (Fig. 1). This barn has a gable 
roof on 18-ft posts above the hay mow floor. A 9-ft ceiling 
on the first floor provided room for the main air tunnel. 
He planned to add a drying room 22 ft wide and 60 ft long 
as a shed on the north side of the barn. This provided 
1250 sq ft of floor area in the shed for drying baled hay. 
About 270 bales, 16x42 in in size, could be placed in one 
tier. The 14-ft high outside wall provided enough height 
for eight to nine tiers and an air chamber underneath the 
bales. 

Mr. Muffley had a single-inlet, forward-curve, multi- 
vane-type fan with 60-in diameter rotor to provide air, 
which was to be driven by a used automobile engine which 
could deliver at least 50 hp by belt to the fan. This large- 
size fan with adequate power satisfied a first essential of 
successful hay drying, which is an abundance of air forced 
through the hay. This size fan should deliver from 50,000 
to 80,000 cfm (cubic feet per minute) of air, the capacity 
varying with the resistance and speed of operation. 


THE RATE OF DRYING INCREASES WITH THE 
INCREASE IN TEMPERATURE 


The rate of drying increases with the increase in tem- 
perature; therefore, extra heat might be used although it 
might be a fire hazard. He had in mind using a small, low- 
pressure steam boiler with 18x48-in grate area to heat the 
air. I calculated this boiler would heat the air about 5 F. 
This hard coal heater would be located about 30 ft from the 
barn to eliminate the fire hazard. The steam would be de- 
livered to ordinary house heating radiators placed in the 
main tunnel near the fan outlet (Figs. 1 and 2). It was 
the large supply of air available rather than the amount of 
heat that ied me to encourage him to continue planning to 
dry baled hay. If the fan delivered 75,000 cfm to a drying 
area of 1250 sq ft, it would provide 60 cfm per sq ft of 
floor area. This is about three times the amount of air used 
in the Purdue University experiments reported for 1944. 
This provided a reasonable factor of safety. 

With ample air provided, the next problem of design- 
ing the system was to get uniform air distribution to the 
hay. To deliver 80,000 cfm of air at a tunnel velocity of 
less than 1,000 fpm (feet per minute), as recommended for 
the large tunnel system, would require a main tunnel at 
least 80 sq ft in area. Such a large tunnel could be con- 
structed at one side of the first floor of the barn, between 
the first row of posts and the outside wall. It was there- 
fore built 10 feet wide and 8 ft high. The air is delivered 
from this tunnel to the air distributing space under the hay 
through openings into the shed at its floor level (Fig. 2). 
Mr. MufHley thus carried out the design as fully as possible. 
A few details of construction may help explain the operation. 

The drying shed was constructed of rough sawed hem- 
lock lumber for framing and siding. Because of the slope 
of the ground, the concrete floor of the shed was about 
three feet higher than the floor of the main barn. This 
placed the openings from the main tunnel to the air space 
under the slatted floor in the shed about halfway up the 
side of the tunnel (Fig. 2). The air space under the bales 
was formed by placing 2x6-in joists 24 in on centers over 
the concrete floor (Fig. 3). These joists rested on blocks 
which raised the top edge to a height varying from 14 in 
at the tunnel side to 10 in on the back side. The joists were 
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covered with 1x3-in slats placed 12 in on center to support 
the bales. Only the end and middle slats were nailed, leav- 
ing the other slats movable for cleaning. The joists were 
covered with paper for a width of about 15 in along the 
tunnel wall to reduce air leakage. A partition of the air 
space at the center divided the drier into two sections. 

After the second alfalfa cutting was cured and remove: 
to the main mow storage, an additional joist was placed be 
tween each pair of joists to make the spacing about 12 in 
on center. This arrangement eliminates the need for slat: 
on top of the joists. The bales are placed directly on to; 
of the joists, which provides more convenience and safet; 
in handling the first tier of bales. The joists are not naile: 
so they may be quickly removed to permit using the drying 
area for storing machinery. The tunnel may also be usec 
for storage. 

The fan, tunnel, and drying room arrangements ar: 
illustrated on the plans. The 60-in, forward-curve, multi 
vane, single-inlet fan (Figs. 1 and 4) was placed about 20 
ft from the barn with a tapering tunnel connecting it to th: 
main air tunnel. The entire air tunnel was lined with 4x8- 
ft panels of a commercial product known as ‘“‘Homosite’’. 
In the space between the fan and the main tunnel were 
placed the steam radiators for heating the air. Hot water 
radiators were also placed above the steam radiators. The 
water from the cooling system of the automobile engine 
used for power to drive the fan is circulated through these 
radiators. This serves the double purpose of cooling the en. 
gine and heating the air. 

Mr. Muffley reports that, when both the furnace and 
engine-cooling heat were used to heat the air delivered to 
the hay, the rise in temperature of the air was about 7 F. 
When only the heat from the engine cooling was used to 
heat the air, the temperature rise was from 2 to 3 F. 

The furnace heating was used only between 9 p.m. and 
6 a.m. while drying the first cutting of alfalfa, and it was 
used only part of the time during the curing of the second 
cutting. It was not used at all while curing the last cutting 
in October when the air temperature was low. The furnace 
was handstoked at intervals of about 30 min throughout the 
night. This is an example of the attention Mr. Mufficy 
gave at all times to the proper operation of all factors in 
his mow drying system. It also indicates that it is easicr 
to provide more air than extra heat. 

On August 31 and September 1, 1945, the second batch 
of the second alfalfa cutting was dry and ready to move to 
storage. The drying started as soon as the hay was cut. A 
7-ft mower attached to an old automobile was used to cut 
the hay. The hay was usually cut in the late afternoon and 
evening and windrowed the next day, weather permitting. 
Often the weather was so rainy that the hay could not be 
handled for a day or two after cutting. Baling operations 
usually started in the afternoon and evening and sometimes 
continued to beyond midnight. 


MOISTURE CONTENT OF THE HAY VARIED FROM 
ALMOST DRY TO AS HIGH AS 60 PER CENT 


The moisture content of the hay varied from almost «iy 
to as high as 60 per cent (Table 4). Mr. Muffley’s descri)- 
tion of the operation during the third cutting in October ‘s 
typical: “The alfalfa was cut on Thursday afternoon an 
evening. On Friday it rained until 10 a.m. After dinne 
we started windrowing with the side-delivery rake. T!< 
next morning at 9 o'clock we baled the hay. There w+ 
very little sunshine. I believe the moisture content ran be- 
tween 50 and 55 per cent.” 

A Holland baler using twine for ties made bales 16x 
18x42 in in size, or a volume of 7 cu ft. Usually the bales 
were as tight as the baler would make them. In checking 
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the 26 bales that were dried in the second cutting (Table If a plant is designed to dry hay at 35 per cent moisture, 
4), the moisture contents ranged from 27 to 60 per cent on it would require twice as much air to dry hay at 45 per 
an air-dry basis, with an average moisture content of 45 per cent moisture. Since some of the hay had 55 per cent mois- 
cent. The weight of the bales ranged from 69 to 115 lb as__ ture when placed in the drier, 1550 lb of water would have 
placed in the mow, and were dried to a range of 44to 70 lb. to be evaporated. It would require at least three and a half 
The average weight of the 26 bales as placed in the mow _ times as much air to dry at the same rate as hay containing 
was 90 lb, or 13 lb per cu ft. The weight when dry was 55 35 per cent. 

lb, or 8 Ib per cu ft. The average moisture content on an 


] Since there may be a greater loss of air between bales 
air-dry basis was 39 per cent. If we assume the hay had 


} ‘ : for a given mass of baled hay as compared to drying a 
actually 10 per cent moisture when air dry, its average similar mass of long loose hay, it is important to allow a 


moisture content as placed in the mow averaged 45 per cent. large factor of safety in air supply. At least four times as 
Since drying is the removal of moisture by air, the effect | much air should be provided to dry the baled hay which 
of moisture content of the hay on the amount of water to may come in at 50 per cent moisture than has been used in 
be removed deserves attention. Fig. 6 illustrates the amount drying long hay containing 35 per cent moisture. In Mr. 
of moisture in pounds that must be removed to make a ton Muffley’s operations the amount of air delivered to the hay 
of hay containing 20 per cent moisture. The column for 35 easily met this requirement. 
per cent moisture shows 460 Ib must be removed. With 45 The amount of air delivered to the hay on August 31 
per cent moisture, 910 lb, or almost double the amount of and September 1, after the second cutting was dry, ranged 
moisture, must be removed as compared with 35 per cent. from 60 to 114cu ft per sq ft of floor area. This variation 
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Fig. 2 (Upper left) Inside view of the main air tunnel which is 8 ft high and 10 ft wide. The 26 openings to the drier are at the 
right just above the stone foundation. The radiators in the background are in front of the fan outlet © Fig. 3 (Upper right) This shows 
the 2x6-in joists spaced 12 in on centers which support the bales inthe drier and form the air distribution space (plenum chamber) 
under the hay. It shows the end near the main air tunnel. The heavy paper covers the joist about 15 in wide along the main tunnel 
wall to prevent excess air escaping along the wall. The air chamber extends to within a similar distance from the outside walls ¢ Fig. 4 
(Lower left) The bales are moved from the trailer to the drier by a simple conveyor that has a capacity of 6 bales per minute. The top 
bale on the conveyor is passing to another conveyor which carries the bales horizontally. These conveyors are also used to move the dry 
bales from the drier to storage in the large mow. When removing the bales from the mow, the rotation of the conveyors is reversed. 
The fan and tunnel leading to the main air tunnel are at the right ¢ Fig. 5 (Lower right) This picture is another view of the con- 
veyor shown in Fig 4, showing the motor at the lower end of the conveyor. Both upper and lower conveyors are controlled with the 
same switch. The slats supporting the bales are visible at the bottom of the drier. The bales in alternate tiers are placed in cross 
direction to block air passage space between the bales 
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was due to different heights of hay and to different pres- 
sures used. The drier was loaded to an average height of 
eight bales, or 12 ft, over the entire drying shed area of 
1250 sq ft. The height of bales ranged from 7 tiers for the 
east half to 8 and 9 tiers for the west half of the 60-ft long 
drying shed. 

The air distribution space under the hay was divided at 
the center so that all the air might be directed from the 
main tunnel to either half or to the total area. Each half 
had a floor area of about 625 sq ft. 

Manner of Air Flow Tests. The air velocity readings 
were made with an anemometer held in the air stream. The 
readings were made at each opening from the tunnel to the 
air space under the hay. There were 13 openings for each 
section, or a total of 26 openings. Each opening was about 
14x22 in, or 2.2 sq ft in size. This gave an intake area of 
about 28.6 sq ft for each section, or a total of 57.2 sq ft 
for the entire area. There are panel slides for closing each 
opening to any amount desired, so that either section could 
be closed. 

After the first reading, where all the openings were 
open, most of the readings were taken at the east section. 
The bales were removed from that section a tier at a time. 
This permitted taking data on air flow, pressures, and fan 
speed at intervals of one tier from tier 7 at the top to the 
bottom, with the exception of tier 6. 

The air pressure reading in inches of water was made 
with a U-shaped monometer tube located near the middle 
of the south wall of the tunnel. A revolution counter was 
used to get the rpm of the fan. This speed was also checked 
against the miles per hour recorded on the speedometer on 
the engine. 

Wileman' found that the resistance to air flow dropped 
about 0.15 in as the baled hay dried from about 32 to 10 
per cent moisture. This drop was from 0.9 to 0.75 in for 
the first cutting and from 1.0 to 0.85 in for the second cut- 
ting, or about 15 per cent. This decrease in resistance is 
accompanied by an increase in air flow. Thus the readings 
of air flow which I took with dry hay were possibly about 
15 to 25 per cent greater than exist when the hay is tough 
or at the start of drying. 

Amount of Air per Square Foot of Floor Area. With 
air pressure equivalent to 0.7 in of water, the total volume 
of air delivered to the entire area was 70,800 cfm, an aver- 
age of 57 cfm per sq ft of floor area. The east half, with 
7 tiers of bales, received about 37,800 cfm, or 60.5 cfm 
per . ft of floor area. The west half, with 81/, tiers, re- 
ceived 33,100 cfm, or 53.0 cfm per sq ft of floor area. An 
increase of about 20 per cent in height of the bales re- 
duced the air flow about 14 per cent at 0.7 in pressure. This 
indicates a greater per cent of air passed outward at lower 
levels of the sidewall surface than passed through the top 
where the height was 82 tiers as compared to 7 tiers. 

If we figure the entire surface for sidewalls and top of 
each section, there were about 1950 sq ft for the 81-tier 
section and 1700 sq ft for the 7-tier section. This gave an 
average of 17 cfm of air per square foot of surface for the 
8Y-tier section as compared to 22.2 cfm for the 7-tier sec- 
tion. This is an increase of 30 per cent for the 7-tier over 
the 81/2-tier. 

Number of Tiers of Bales and Air Movement. The bales 
in the east section of the drier were removed a tier at a 
time during the test so that readings could be made at tier 
intervals. The velocity of air escaping at the top surface 
was measured with the anemometer in a 10-to-1 multiplier 
box placed tightly against the surface. The volume of air 


*Progress Report of Mow Curing Studies, by R. H. Wileman, 
Purdue University Agricultural Engineering, Mimeograph No. 3, 
November, 1944. 
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TABLE 1. VOLUME OF AIR DELIVERED TO ONE SECTION On 
625 SQ FT OF FLOOR AREA, AND VOLUME OF AIR ESCAPIN(<; 
AT TOP AND SIDE SURFACES WITH DIFFERENT NUMBER 0: 
TIERS OF BALED HAY IN THE DRIER* 
Column or 


Number 1 2 3 4 5 6 rj 
1 Number tiers of 
bales in drier 1 2 3 4 5 a gi 


2 Pressure under 

bales, inches of 

water 05 0385 1.00 1.20 1.25 1.30 1.30 
3 Total cfm 68570 68060 62970 59000 59270 60450 6006) 
4 Delivered cfm 

per sq ft floor 


area, (cfm > 

625 sq ft) 110 109 101 =—96——(9G—«9?LT_— 962 
5 Total surface 

area, sq ft 778 931 1160 1237 1390 1700 1959 
6 Top surface 

area, sq ft 625 625 625 625 625 625 625 
7 Side surface 

area, sq ft 153. 306 535 612 765 1075 1325 


8 Cfm per sq ft at 

top surface 

( measured ) 95 80 65 55 16.5+ 
9 Cfm per sq ft 

of total surfacet 80 67 54 50 45 35 1 
10 Cfm per sq ft of 

sides only ; top de- 

ducted from total 60 59 41.7 40.2 40.8 

*No readings were taken with only 6 tiers in drier. 


+The volume was 15 cfm with 9 tiers and about 21 cfm for 8 
tiers. 


{The total surface includes all side surface area plus the top area 
as given in line 5. Line 3 is divided by line 5. 


delivered under the hay was much greater than the amount 
escaping at the top. This difference is accounted for by air 
escaping to the sides. This amount is roughly determined 
by subtracting the volume of air escaping at the top from 
the total delivered under the hay. These figures are given 
in Table 1, and are illustrated in Fig. 7. This shows a 
greater total volume loss to the sides than to the top with 
more than 5 tiers of bales. Line B-B’ shows the loss at the 
top in cubic feet per minute per square foot, and line D-1)’ 
shows the loss to the sides. Line A-A’ shows the volume 
of air delivered per square foot of floor area. The delivery 
was fairly constant for the test. It ranged from 96 to 110 
cfm. Line C-C’ shows the average loss for the total surfaces 
of side and top. 

Lines B, C, and D cross at about same point, near the 
5 to 6-tier height of bales. This indicates that the best b!- 
ance of air distribution to top and sides is with heights of 
4 to 6 tiers. 

The per cent of air escaping to the top is given in 
Table 2. It ranges from 17 per cent for 82 tiers to 86 per 
cent for one tier. About 50 per cent escaped to the top w th 
4 to 5 tiers. 


TABLE 2. COMPARISON OF THE TOTAL VOLUME OF AIR ESC \P- 
ING AT TOP SURFACE AND SIDE SURFACE WITH 
DIFFERENT NUMBER OF TIERS OF BALES 


Per cen‘ of 
Number of Total volume of air, cfm — air volu.'e 
tiers of Pressure Delivered Escaping escaping |p 
bales intunnel* underhay Top Side surfac 
sy, TR, 60,060 10,000 50,060 ‘ w 
A 1.3 60,450 17,500+ 42,950 29 
3 L293 59,970 26,875+ 33,095 45 
4 1.20 59,000 34,375 24,625 58 
3 1.00 62,970 40,625 23,345 64.5 
F 0.85 68,060 50,000 18,060 73 
1 0.50 68,570 59,375 9,195 86 


*Expressed in inches of water. 


+The volume escaping for tiers 5 and 7 is estimated from ‘¢ 
curve B-B’ of Fig. 7. 
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PER CENT MOISTURE (WET BASIS) IN HAY 


vig. 6 This chart shows the amount (pounds) of water that must 
» removed from hay (in forced air drying in the mow) at various 
moisture contents, to make one ton of dry hay with 
20 per cent moisture 


} 


Air Movement in Main Tunnel. The large main air 
tunnel, 8x10 ft, or 80 sq ft in area, reduced the velocity of 
air from the fan to an average of less than 1000 fpm (feet 
per minute). This would have a velocity pressure of only 
about ¥g in. With the basic principle that VP = VP, it is 
evident that the velocity pressure at the fan outlet is changed 
to static pressure in the main tunnel in so far as the velocity 
of air is reduced. By having fairly uniform pressure in the 
main tunnel, there is a similar uniform air velocity from the 
main tunnel to the side flue openings, leading to the space 
under the hay. The area of the openings to the side flues 
or air chamber under the hay is about one-third to two- 
thirds of the cross-section area of the main tunnel. For 
example, the total area of the 26 openings was 56.6 sq ft 
as compared to 80 sq ft for the main tunnel. When air was 
directed to only one-half the drier, only 13 openings were 
used. This was an area of 28.3 sq ft. 

An estimate of the air pressure under the hay may be 
obtained by deducting the velocity pressure of the air mov- 
ing from the main tunnel under the hay from the static 
pressure in the tunnel. Table 3 gives this estimate for vari- 
ous numbers of tiers of bales. 


TABLE 3. ESTIMATE OF AIR PRESSURE UNDER HAY IN DRIER 
WITH VARIOUS TIERS OF BALES 


Average Estimated 
velocity of pressure 
Number tiers air from Equivalent under hay 
of bales tunnel to hay, velocity Tunnel tunnel 
over drier fpm pressure* pressuret (velocity ) + 
1 2423 0.37 0.5 0.13 
2 2406 0.36 0.85 0.5 
3 2225 0.31 1.00 0.7 
; 2087 0.27 1.20 0.93 
5 2120 0.28 1-25 1.0 
6 2100 0.28 1.30 1.0 
7 2100 0.28 1.3 1.0 
sl, 2103 0.28 1.3 1.0 


This pressure, expressed in inches of water is based on the 
formula V = 4000 VA where V is the velocity in feet per 
minute and / is the pressure in inches of water. This is at 
an air temperature of 65F and barometric pressure of about 
29 in. 


“xpressed in inches of water. 
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Fig. 7 This chart shows a comparison of the amount of air escap- 
ing at the top surface and the total outside surface (in cfm per 
sq ft) with different numbers of tiers of bales — the volume of air 
being fairly constant, varying from 97 to 110 cfm 
per sq ft of floor area 


With only one tier of bales, the velocity of air from the 
main tunnel to the hay area was 2423 fpm. This is a ve- 
locity pressure of about 0.37 in. Subtracting 0.37 from 0.5, 
the main tunnel pressure, gives 0.13 in as pressure under 
the hay. This indicates, as one could imagine, that there 
was very little resistance to the air passing through one tier 
of bales. Contrast this with the resistance of 4 to 8 tiers. 
Where the tunnel pressure was between 1.2 and 1.3 in, the 
velocity pressure was 0.28 in, or roughly 0.3 in. This gives 
a difference of about 1.0 in pressure which would be the 
pressure directly under the hay. 

It seems significant, with the amount of air delivered 
to the hay at tunnel pressures of 1.2 to 1.3 in, that the 
pressure under the hay was about the same for heights 
varying from 4 to 81/, tiers. Also the total volume of air 
was fairly constant with an increase in number of bales. 
This indicates that, when more than 5 tiers of bales were 
used, the added tiers received a smaller per cent of air and 


TABLE 4. WEIGHT IN POUNDS PER BALE AND PER CUBIC 

FOOT AND MOISTURE CONTENT OF BALES WHEN PLACED 

IN DRIER, AND WHEN AIR DRY—1ST, 2ND, AND 4TH TIERS 
IN EAST SECTION OF DRIER, SECOND BATCH, SECOND 
CUTTING OF ALFALFA. MUFFLEY FARM, SEPT. 1, 1945 


No. No. Per cent moisture 
of of bales Weight in pounds Air-dry Deduct 10% 
tiers weighed As stored Air-dry basis from air-dry 
Average 1 9 94 49 48 53 
Range 82 to 115 44 to 56 33to55 40 to 63 
Weight 
per cu ft 13:5 iz 
Average 2 10 82.5 53 35.8 41.3 
Range 62to99 40 to 59 28to42 35 to 48 
Weight 
per cu ft 11.8 7.6 
Average 4 7 93 65.2 32.0 39.0 
Range 81 to 106 59 to 70 
Weight 
per cu ft 13.3 9.3 
Average for 
all bales 26 39 45.2 
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thus dried slowly. This seems logical and also accounts for 
some mold in some of the tougher bales in tier 9. These 
bales were still drying. Mr. Muffley moved the top three 
tiers from the west section to the bottom of the east sec- 
tion for more drying after the bales in the east section had 
been removed to the storage. 

The bales are readily moved by means of simple home- 
made bale conveyors (Fig 4). The conveyors are used to 
convey the bales from truck to the drier and from the drier 
to the storage in the main mow. Each section of the ele- 
vator has its own 1/;-hp electric motor which may be plug- 
ged into any available outlet. The removal of bales after 
each batch makes possible inspection of results. 

Mr. Muffley had two batches of first cutting alfalfa, 
each from 5 to 6 tiers high. The first batch of the second 
cutting was also about 6 tiers high, while the second batch, 
as already stated, was from 7 to 9 tiers high. The third 
cutting also made a batch 51/, tiers high. 


Power Requirement. The power required to deliver the 
amount of air during the tests varied from about 28 to 48 
hp. This is calculated from manufacturers’ data taken for 
the volume of air pressure in the tunnel and revolutions per 
minute of the fan. The fan is a single-inlet, forward- 
curve, multivane type. This power requirement indicates 
that much more power should be available in drying baled 
hay than is commonly used in drying long loose hay. 

Cost and Value. Mr. Muffley estimated the power cost 
for drying was about $3 per ton. He sold some of this hay 
for $60 a ton as compared to $45 per ton for some of his 
best field-cured hay. 

Baled-hay drying by means of forced-air ventilation is 
possible. It does require a large volume of air. It seems a 
fair estimate to use about 60 cfm per sq ft of floor area 
covered with about 6 tiers of hay. The hay should not be 
an over 6 tiers high; possibly only 4 to 5 tiers should 

e used. 

With the method of placing the bales in the drier, as 
used by Mr. Muffley, the fan should be capable of operat- 
ing against about 1-in pressure in the main tunnel. The 
hay was dried in less than seven days for first and second 
cuttings, so it seemed to dry at a rate rapid enough to pre- 
vent mold as suggested in C. E. Frudden’s paper in AGrt- 
CULTURAL ENGINEERING for March 1946. 

Good drying starts with uniform baling and fairly uni- 
form moisture in the bales in one tier. Once in the mow 
it becomes a matter of supplying ample air at all times. 
Hay can be dried without extra heat. Extra heat may be 
used if proper fire protection is offered. The large main air 
tunnel seems necessary for uniform distribution of the air. 
The large main tunnel also permits directing air in various 
directions. For example, Mr. Muflley can extend the drying 
to the area under the main barn and also under the main 


The pictures at the right show the 
method of stacking bales on Robert 
H. Murray farm to form a closed air 
tunnel. The view at extreme right 
shows the tunnel construction used 
in piling the bales 
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mow storage by making more openings from the tunnel to 
the side or top. It seems desirable to have a continuous a'r 
chamber under the bales to distribute the air uniformly. 
That is, joist with slats or joists close enough (12 in on 
center) so that the bales rest directly on them seems goo 
design for baled-hay drying. 

Mr. Muffley’s experience seems to be a good illustraticn 
of the principles a practices essential to baled-hay dryin.: 
at least, it may serve as an example until better practic s 
are proven. 


Discussion by R. C. Shipman 


N WORK on curing baled hay at Purdue University, a 

tight-walled mow section 20x20 ft was constructed on 
the mow floor of the University dairy barn. The sides of 
this mow section were made 10 ft high. A slatted floor wis 
placed inside of this enclosure 6 in above the regular tight 
mow floor. This floor was made with 2x4’s blocked off of 
the regular floor with 2-in blocks every 2 ft. Across the 
2x4’s, 1x3-in slats were placed to form the slatted floor, 
with 15% in space between the slats. Around the edges of 
the mow the slatted floor was sealed tight, 12 in from the 
wall, to reduce the amount of air escaping between the hay 
and the mow walls. 

Across one side of the mow a main tunnel or plenum 
chamber 4x4x20 ft was constructed. The entire area be- 
tween the mow floor and the slatted floor of the curing 
mow on the tunnel side of the mow was left open. This 
left an opening 6in high and 18 ft long to allow air to 
pass from the distribution area under the entire floor. 


With 7 layers of bales, or about 9 ft of depth, packed 
tight with joints between bales broken, an air volume of 
4000 cfm, or 20 cu ft per sq ft of mow floor area, produced 
a resistance pressure of 1.5 in. 


With 4 layers of bales over the system, an air volume 
of 10,000 cfm, or 25 cfm per sq ft of mow floor area pro- 
duced a resistance pressure of 1.25in. An even flow of 
air was obtained in all parts of the mow. 


The accompanying pictures show the procedure of stack- 
ing bales to form a closed air tunnel as used at the Robert 
H. Murray farm, near Valparaiso, Ind., this past year. The 
two columns of bales on each side supported the weight of 
the three layers of bales on top. All joints between bales 
were broken and a 1x6-in board supported each bale over 
the center of the tunnel. All joints between bales were 
broken as in laying brick. A resistance pressure of 0.65 in 
was produced with an approximate air volume of 20,000 
cfm. A very uniform flow of air was obtained in all parts 
of the tunnel. 


R. C. SHIPMAN was formerly extension agricultural engin<cr. 
Purdue University. 
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Observations on the Resistance of Hay to Air Flow 
By Andy T. Hendrix 


MEMBER A.S.A.E. 


HE investigations being conducted by the Farm Elec- 

trification Division BPISAE, of the U. S. Depart- 

ment of Agriculture in relation to hay drying include 
several factors which are related to this subject. The gen- 
eral objectives of the studies are to obtain fundamental en- 
gineering data in relation to hay drying, and to utilize these 
data in improving hay drier design and performance. Many 
investigators have been and are now engaged in hay drying 
work. Data are being gradually assembled, but in some 
phases of the work little reliable data are available. 


Experimental Equipment and Procedure. \n cooperation 
with the agricultural engineering department of the Vir- 
ginia Agricultural Experiment Station, studies were initiated 
‘a the late summer of 1944 to obtain data relative to drying 
hay in the mow. One factor which was considered of major 
importance in hay drier design was that of resistance of hay 
‘o air flow. Very little information has been available on 
this subject, and consequently present work on hay drier de- 
sign must be largely based on assumptions. In this study 
the resistance of hay to air flow was the principal factor to 
be observed. 

A bin was constructed to be used as a hay mow and to 
facilitate determinations of resistance. The bin which was 
used for the 1944 tests was rebuilt for use in 1945. It was 
8x8 ft, floor area, and 12 ft high. The inside corners were 
rounded to a 2-ft radius. The inside walls of the bin were 
smooth and were air tight. The floor was of 3-in slats 
spaced 6 in on centers and supported by floor joists. The 
outer portion of the floor was covered so that only one- 
fourth of the floor area was open for entry of air into the 
hay. The entire bin was mounted on scales so that the 
weight of the hay in the bin could be readily observed at 
any time desired. Thus the rate of moisture removal and 
total quantity of moisture removed could be easily de- 
termined. Total weight of hay could also be readily ascer- 
tained. A plenum chamber was provided underneath the 
slatted floor of the bin drier so as to reduce the effect of 
impact or velocity pressure of air before entry into the hay. 
To reduce further the effect of 
air velocity pressure within the 
plenum chamber a transition 
piece was constructed joining 
the air supply duct to the ple- 
num chamber. 

The air supply duct was 
constructed to facilitate reliable 
ait volume measurements. The 
duct enclosed honeycomb 
straighteners, and a pitot tube 


This paper, in substance, was 
presented at the barn hay-curing 
conference sponsored by the Com- 
mittee on Hay Harvesting and Stor- 
age of the American Society of 
Agricultural Engineers at Lafayette, 
Ind., January, 1946, and is a prog- 
tess report of cooperative research 
by the U. S. Department of Agri- 
culture and the Virginia Agricul- 
tural Experiment Station. 

Anpy T. HENDRIX is associate 
azticultural engineer, Bureau of 
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traverse station was provided. Procedures followed in meas- 
uring air flow through the duct were substantially in ac- 
cordance with N.A.F.M. (National Association of Fan 
Manufacturers) standards for determining fan perform- 
ance. Air was supplied by a centrifugal blower equipped 
with variable-speed V-belt drive. Thus any pressure or vol- 
ume within the capacity range of the blower and motor 
could be easily selected. Motor controls were provided so 
the fan could be operated on any desired schedule. 

Various data were recorded during the several tests con- 
ducted. Both recording thermographs and thermometers 
were used to indicate temperatures. To determine relative 
humidities, both hand and motor aspirated psychrometers 
were used. Moisture contents of hay samples were de- 
termined by the oven method. Quantity of hay and rate 
of moisture removal were determined by weighing the bin 
and contents at intervals. 

Static pressures in the plenum chamber under the hay 
were measured by means a piezometer ring connected to 
an inclined manometer tube. Static pressures within the 
hay were determined by inserting a probe into the hay at 
the desired point and depth. This probe was a 14-in pipe 
which was connected by means of rubber tubing to an in- 
clined manometer. 

Hay was manually placed in the bin. It was spread as 
uniformly as was — possible, and was tramped 
around the outer edges and in the rounded corners to re- 
duce excessive air flow at those places. 


Rate of Air Flow Through Hay. It has been a common 
observation with forced-ventilation hay driers that consider- 
able loss of air occurs along the edges of the hay mow. 
Also, the distribution of air flow through hay is not uni- 
form. Anemometer tests of air flow from the surface of 
the hay in the bin drier showed a greater rate of discharge 
from the area along the walls than occurred from the cen- 
tral portion of the hay surface. Variations between the 
mean velocity of air flow along the bin walls and the mean 
velocity from the central portion of the hay surface were 
rather consistent. 

The procedure used to re- 
duce, as far as was practically 
possible, the effect of air losses 
along the bin sidewalls was as 
follows: Several anemometer 
measurements of air flow along 
the walls were made in the 
area A, Fig. 1, and also in the 
N area B. The means of the cor- 
rected values of the anemom- 
eter readings for each area, A 
and B, were then determined. 
Since there was no appreciable 
loss of air from the system, it 
was assumed that the mean 
anemometer reading for each 
of the areas indicated the rela- 
tive rates of air discharge per 
unit of each area, and that the 
total air flow was indicated by 
the combined anemometer read- 


Plant Industry, Soils and Agricul- Fig. 1 Plan view of bin drier showing division of hay sur- . “— aggre .* nat 
tural Engineering, U. S. Depart- face into two areas, A and B, for determining rate of air of air How was determine 
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flow through hay 


either by pitot tube or velome- 
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ter traverse of the air supply duct. By subtracting, on a 
proportional basis, the air discharge in area A from the 
total air flow as determined by traverse of the supply duct, 
the mean rate of air flow in area B was determined. While 
not absolutely accurate, this procedure allowed for air leak- 
age along the bin walls, and was considered to be sufficient 
for practical results. This procedure was used for all air 
flow measurements made in the bin drier, and the funnel- 
anemometer combination, thus calibrated, was used in air 
flow measurements in field tests. 


Moisture Content of Hay. Moisture content of the hay 
as placed in the bin was determined by taking composite 
samples of the hay and drying these samples in an oven as 
previously mentioned. After each lot of hay in the bin was 
dried to below 20 per cent moisture content, it was removed 
from the bin to provide space for further tests using the 
same experimental equipment. 


Drying of Hay in the Mow. Perhaps the most impor- 
tant immediate engineering consideration in mow drying 
of hay is the forcing of the necessary amount of air through 
the hay. The requisite amount of air to effect adequate dry- 
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ing within the permissible drying period will always de- 
pend on several factors. There seems to be fairly general 
agreement that the rate at which moisture is removed from 
hay in the mow depends primarily on two things: 
1 Condition of the air, i.e., its temperature, moisture 
content, etc. 
2 Velocity of air flow through the hay. 


Under drying conditions when the heat content of the 
air is the only source of heat for vaporization of moisture 
from the hay, the rate of evaporation is practically propor- 
tional to the differences between the wet and dry bulb 
temperatures of the air. As air is forced through hay in 
the mow, moisture is vaporized and is carried away by the 
air flow. Evaporation of moisture under such conditions is 
substantially the same as evaporation of moisture from a 
wet surface. During the major portion of the drying pro- 
cess, rate of internal diffusion of moisture within the hay 
is not a controlling factor, and the rate of drying is at an 
approximately constant rate as long as drying conditions 
remain constant. The heat necessary for moisture vaporiza- 
tion is supplied by the air, and consequently a drop in tem- 
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Fig. 2 (Upper left) Logarithmic graph showing typical pressure-volume relation in flow of air through alfalfa hay ¢ Fig. 3 (Lowe: 
left) Logarithmic graph showing pressure-volume relation of air flow through eight different lots of hay both before and after drying * 
Fig. 4 (Upper right) Graph showing pressure-depth relation for tests of several barn hay driers. Each graphline is for a fixed rate of 


air flow ¢ Fig. 5 (Lower right) Graph showing 


ressure-depth relation for air flow through chopped alfalfa hay. Alfalfa barvested 


in the prebloom stage. Nominal length of cut, 11/y in 
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perature must occur as air pass- 


es through the hay if drying is 
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volume of air flow per square 


effected. When heat is gener- 
ated within the hay mass, as is 


0.6 


foot of floor area is plotted 
against pressure drop. The 
plotted points will be seen to 


the case with tough hay, this 
heat aids in the removal of 
moisture from the hay. 


0.4 


conform closely to straight lines. 
As these graphs are on loga- 
rithmic paper, the relation be- 


Static Pressure Drop in Re- 
lation to Velocity of Air Flow 
Through Hay. Rate of evapor- 
ition of moisture from hay in 
‘he mow (within the time limits 
usually encountered in mow 


-— INS. OF WATER 
02 


tween air volume and pressure 
may be expressed by equations 
of the form 


V=CP 
where V is velocity of air flow 
in fpm (cfm per 


square foot of floor) 


drying) is practically —— 


‘ional to the velocity of air flow 
through the hay. The laws gov- 


C is a coefficient which 
is constant for given 


erning air flow are not so well 


0.06 008 Ol 


conditions 


known that results can always 
be predicted with accuracy. 


0.04 


Fundamental laws of flow are 
recognized, but results are so 
affected by conditions under 
which flow occuts that it is 


STATIC PRESSURE 


Drying ALFALFA Hay 


P is the static pressure in 
inches of water 
n is a power exponent 
which is constant for 
given conditions. 
The value of the coefficient 


FIGURE 6 
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usually necessary to obtain ex- 
perimental data for reliable en- 
gineering calculations. 

It is an engineering princi- 
ple that under ideal conditions 
of low velocity, small ducts, 
and viscous or streamline flow, 
the pressure drop in air flow is 
directly proportional to the 
velocity of flow. Also, for high velocities and consequent 
turbulent flow encountered, the pressure drop is propor- 
tional to some power of the velocity higher than that ap- 
plicable to viscous flow. 

Since the velocities of flow, and the channels of flow 
through hay, are both relatively small, it is possible in view 
of the above that the pressure drop through hay may have 
some value somewhat less than that which would result if 
pressure drop were proportional to the square of the ve- 
locity of flow as is commonly assumed. 

Numerous tests and observations of pressure drop 
through hay corresponding to various rates of air flow have 
shown rather consistent results in respect to pressure-ve- 
locity relationship. These experimental tests have been 
made under eons ean where results were fairly accurately 
determined. Typical results are shown by Fig. 2 where 


of ol 
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TABLE 1. APPROXIMATE RELATIONS BETWEEN PRESSURE DROP AND RATE OF 
AIR FLOW FOR EXPERIMENTAL AND FIELD TESTS 


Source and Type of 


Approx. Weight Moisture 
test hay Date depth, Ib per content, 
number ft sq ft per cent 
USDA-VPI Alfalfa 9-15-44 12 51 
Test 1-44 Alfalfa 9-27-44 81% 25 
Vines-74 % 
USDA-VPI Peanuts 10-11-44 12 Nuts-68 
Test 2-44 cs dug 10-20-44 9 Vines-21 
Nuts-13 
USDA-VPI Alfalfa, 51°% 5-19-45 8 62.5 60.7 
Test 1-45 Grass, 29% Settled 
Weeds, 21% 6-7-45 to 6 30.3 
USDA-VPI Alfalfa, 7-11-45 10 65.8 48 
Test 3-45 % bloom 7-25-45 © 7% 43.2 20.8 
% pod 
USDA-VPI Alfalfa, 8-29-45 8 57.7 43.2 
Test 5-45 bale 9-4-45 6% 39.2 22.1 
slices 
USDA-VPI Alfalfa, 10-15-45 9 84.5 40.8 
Test 6-45 prebloom 11-7-45 q 60.8 17.6 
stage, 1% in 
cut 
USDA-Iowa Alfalfa, % ; 6-20-45 81/6 
Lot No. 1 Brome 6-28-45 
grass, 4 
USDA-Iowa Alfalfa, 8-14-45 8 1/6 
Lot No. 2 approx. 96 8-22-45 % 
per cent 


4 
DEPTH OF Hay IN FEET 


Fig. 6 A semilogarithmic graph of pressure-depth relation 
as observed in a number of tests of different lots of hay 


C as determined from these 
test data varied within a con- 
siderable range. For most con- 
ditions of our tests, where hay 
depths were comparable with 
actual field practices in drying 
hay in the mow the value of 
C ranged from 25 to 45. This 
range of values for C included 
tests with hay depths (before settling) between 8 and 12 ft. 

In the test of air flow through chopped hay the coefh- 
cient C had somewhat lower values. With maximum depth 
of chopped alfalfa hay (prebloom stage) of 9 ft, the value 
of C for only one lot of hay ranged from 16 to 11 as the 
hay dried and settled. 

The value of the exponent, n, which is indicated by the 
slope of line on the logarithmic graph, was rather con- 
sistent. Values throughout the entire series of tests ranged 
from 0.60 to 0.78, with few exceptions. The mean value of 
n for the several tests listed in Table 1 was 0.71. It might 
then be assumed that, for engineering calculations, the pres- 
sure drop through a well-planned hay drying system could 
be fairly closely approximated by assuming that it is pro- 
portional to the three-halves power of the velocity, or 


V = CP* 
The uniformity of results obtained in re- 
gard to pressure drop as related to rate of 


8 10- 12 i4 


Values of C and 


ning—cPn. aif flow is well indicated by the graphs of 
¢ n Fig. 3. Each line in Fig. 3 graphically shows 
oo (a2 the data for a given test condition. A graph 
line is shown for each lot of hay both before 

36 0.73 drying and at the end of the drying period. 
40 0.70 In design calculations, if the pressure 
20 0.65 drop through hay should be assumed to be 
22% 0.66 proportional to the square of the velocity, 
32 0.67 a factor of safety will be introduced. Such 
~ 0.69 practice would necessarily involve higher 
27 0.69 equipment and operating costs than would 
28% 0.67 be the case if the relation between air flow 
16 0.7 and pressure drop is as has been indicated 
11 9.78 by these experimental results. Further studies 
under more varied conditions should be 

e 0.79 made either to verify or disprove the above 
relation before it is generally accepted as re- 

35 0.76 liable for engineering calculations for drying 


various hay and forage materials. 
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Pressure Drop and Depth of Hay. The results obtained 
in regard to pressure drop as related to depth of hay were 
not consistent. For any one lot of hay in the entire series 
of tests, the results obtained would seem to justify definite 
conclusions regarding pressure-depth relationship. How- 
ever, the relationship varied from lot to lot of hay to such 
an extent that no general conclusions were drawn. 


Numerous readings relative to pressure and hay depth 
were made under both laboratory and field conditions. 
Pressure drop and hay depth relationships are summarized 
in Table 2. The numerical values shown in this table are 
only approximate mean values for the tests. About three- 
fourths of the tests showed a pressure drop proportional to 
some power of the depth, the value ranging from 0.91 to 
2.3,and about one-fourth of the tests showed an exponential 
relationship between pressure drop and depth of hay. 


Examination of the data in Table 2 and source material 
discloses that, when long loose alfalfa hay only is consid- 
ered, the pressure drop was proportional to some power of 
the hay depth, with the value of the power ranging from a 
minimum of 0.91 to a maximum of 1.3 for our tests. Only 
one exception was noted, thus indicating that, in general, 
for a given rate of air flow the rate of pressure increase was 
slightly greater than the rate of increase in depth. 


TABLE 2. APPROXIMATE RELATION BETWEEN PRESSURE 
AND DEPTH FOR VARIOUS EXPERIMENTAL TESTS 


Equation Approx. 
Test (approx. ) depth of Remarks 


hay, ft 
Data obtained by probing 


1-44 P=KX1.32P 12to9 Alfalfa-long hay 
— D Data obtained by probing 
2-44 P=KX1.34 12 to9 Peanuts—vines and nuts 
ee 7 Alfalfa—grass—weeds. 
1-45 P=CD* 8 Data obtained as drier 
was loaded 
P=cp"” Data obtained as drier 
3-45 to 10 to 74 was loaded and later by 
P=cD'™ probing—long alfalfa 
a Alfalfa bale slices 
5-45 P=KX1.44D 8 to 614 Data by probing 
—" } Alfalfa, chopped 11%% in 
6-45 P=KX 1.140 10 long. From data obtained 
D~ =P 7 as drier was loaded, 
probed 
Field (1 )* Pcp 8 Long alfalfa 
tests (1) P=CD'” 8 Long alfalfa 
(6) Pcp 7 Long alfalfa 
(6) P=cCpD** 6 Long alfalfa 
(2) P=CD 2.20 9 —e and 
TVA (1) P=cD*™ 9 Alfalfa 
tests (2) P=CD'* 9 Lespedeza 
(1) P=cpD'™ 12 Alfalfa 
W-tests (1) P=CD aa 104 Clover, chopped 
(1) P=cpD** 13 Alfalfa, chopped 
( 1 ) P=cCpD"*° > Alfalfa, chopped 
—=K <2 9P 
: P=KX2.0 4 Air pressures to 2 in 
L-tests Pd ae Velocity to 50 fpm 


*Numbers in parenthesis denote number of tests. 


In Figs. 4, 5, and 6 are shown graphs of typical pres- 
sure-depth relationships as disclosed by these studies. Fig. 
4 shows several graphs on logarithmic paper, of data ob- 
tained by field tests. When the data of any one test lie on 
a straight line, on a logarithmic graph, the relation be- 
tween the two variables may be expressed by an equation of 
the form 

P=CD 
where P is the static pressure in inches of water 
D is the depth of the hay in feet 
C and n are constants for given conditions of tests. 
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When the value of the power exponent, n, is unity in 
such an equation, the line p graphs as a straight line or 
arithmetic paper. This condition indicates a true straigh: 
line relationship between pressure drop and hay depth, an 
the drop in pressure would in such cases be directly pro 
portional to depth of hay. Although some variation in th: 
value of n could be attributed to experimental error, th: 
rather wide variation observed, mostly in the range abov. 
unity, indicates that the variations shown cannot thus b: 
accounted for. No particular difference in variation was o! 
served between data obtained under laboratory condition: 
and those obtained from field tests. Data from sourc 
other than our own tests gave results varying in the sam 
manner and to an equal or greater extent, as may be note 
from the last eight equations in Table 2. 

Fig. 5 is a logarithmic graph of data pertaining to pre 
sure drop and hay depth as obtained during one series ©: 
tests of chopped alfalfa hay. Pressure data were obtainec: 
as hay was loaded into the bin, and also later by probin; 
into the hay mass. This figure indicates the uniformity 0! 
results under given conditions. Although the value of n 
varied considerably from one lot of hay to another, it re 
mained within rather narrow limits for any one lot. 

As previously mentioned, data obtained by some of th« 
tests of different lots of hay did not conform to the rela- 
tionship expressed by the above power equation. When the 
data were plotted, the points did not indicate a straight line 
graph on either arithmetic or logarithmic paper. However, 
when the data were plotted on semilogarithmic paper, as 
shown in Fig. 6, straight line graphs resulted. The rela- 
tionship between pressure drop and hay depth in such in- 
stances may be expressed by an equation of the form 

P = KA» 
where P and D have the same meaning as previously given 
K and A are constants for given conditions of test 

In this expression for the relationship between pressure 
drop and hay depth, it is —— that the pressure re 
quired to effect a given rate of air flow will be greatly in- 
creased for the greater depths of hay. Fortunately hay 
driers have in general been operated (in the Southeast at 
least) under conditions of hay depth such that the pressure 
requirements for reasonably satisfactory drying have no! 
been prohibitive. Hay depths at one drying have not cus 
tomarily exceeded about 10 ft. The rate of pressure in 
crease under the conditions noted above does not appe:: 
usually to change greatly before the depth of hay reaches 
6 to 10 ft. This exponential relation might explain, in par’, 
the reason for certain instances of hay drying difficultics 
which have otherwise had no evident explanation. Wy 
such an exponential relationship between pressure gradic’! 
and hay depth should exist, if it does, is as yet not know». 
More extensive studies should either verify or disprove t!:\s 
indicated exponential relationship. 


SUMMARY 


Perhaps it would be well at this point to stress aga: 
that any conclusions to be drawn from this series of tesi: 
can be only tentative. It may be that further studies w:'! 
show that these inferences are in error, or that the numeric. 
values indicated must be altered to meet various cond: 
tions encountered. In engineering calculations for the d 
sign of hay driers—as for other similar situations — 
will be desirable to adhere to recognized and establishc. 
relationships and principles when available. In the absenc 
of satisfactory information suitable for design purposes : 
will be necessary to utilize such information as is avai! 


able. Further studies are definitely indicated in order to 
establish reliable and general rules for resistance of hay tc 


the flow of air. 
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The Distribution of Air Through Chopped Hay 


By F. W. Duffee 


FELLOW A.S.A.E. 


HIS paper deals with the problems of getting air 

through chopped hay only, and includes the experi- 

ences of a considerable number of men with whom 
we have worked during the past season in Wisconsin. 

The first installation made in 1945 was designed ac- 
cording to recommendations of the Tennessee Valley Au- 
thority and we did not at that time appreciate that chopped 
hay would be quite different in its behavior than long hay. 
We had had a limited amount of experience in 1944, using 
the standard TVA design with chopped hay, but there was 
something about the way that was handled, together with 
the fact that slightly heated air was used, that was appar- 
cntly different than observed in 1945. 

The system was designed for 10 cfm per sq ft of mow 
tloor at %4-in static pressure. Using a forward curve cen- 
trifugal fan (American Blower 121), 6 to 8 ft of hay was 
placed in the mow, and it was assumed that the fan would 
have to be throttled somewhat with this amount of hay in 
place. 

To our surprise, we found the static pressure in the 
main duct varied from 1% to 1% in. The fan was oper- 
ated at about 530 rpm. 

The following data taken from the company’s catalog, 
indicates approximately what happened to the volume of 
ait; the closest comparable figure for speed is used: 

507 rpm—%*4-in static pressure—10,300 cfm delivered. 
512 rpm—1-in static pressure—5,140 cfm delivered. 
Data is not available for 14-in static pressure and a com- 
parable speed. Even so the volume of air delivered at 1-in 
static pressure would have been slightly less than half of 
what was anticipated, and at the still higher pressure which 
actually existed, the volume would be still less. We have 
assumed not over about 40 per cent of the anticipated 

volume. 


This paper was presented at the barn hay-curing conference 
sponsored by the Committee on Hay Harvesting and Storage of 
the American Society of Agricultural Engineers at Lafayette, Ind., 
January, 1946. 

F. W. Durree is chairman, agricultural engineering depart- 
ment, University of Wisconsin. 


_ Norte: The author wishes to acknowledge the assistance of the 
following persons who cooperated with him during the season of 
1945: G. L. Larson, chairman, mechanical engineering dept., and 
H. D. Bruhn, agricultural engineering dept., University of Wis- 
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The next farm observed had a propeller-type installa- 
tion. This also was designed to deliver 10 cfm per sq ft 
at ¥%-in static pressure. At the time we first visited the in- 
stallation, the hay varied from 2 to 3 ft deep up to about 
8 ft deep. 

The discharge of air through the hay was measured 
with a funnel and anemometer. The anemometer was placed 
in the small end, and the large end was ten times as large 
as the opening through the anemometer ; thus readings were 
multiplied 10 to 1. Subsequent checking of this equip- 
ment indicated it was reasonably accurate. 

The surprising thing was that the delivery of air 
through the hay was about the same where the hay was 
shallow as where it was deep, and in all cases the delivery 
was for the most part pein pr or 3 cfm per sq ft. 

Our first assumptions were that this was due to the high 
resistance of chopped hay, or that the hay was extremely 
wet when placed in the mow. In any event, we were not 
sure what the trouble was, but there surely was serious 
trouble. 

At still another place, we found essentially the same 
condition, that is, high static pressure in the main and low 
discharge of air through the hay. 

A \%-in pipe probe was made with a twist drill welded 
into the end for insertion into the hay, and for drilling 
through the top of the lateral into the lateral duct. Small 
holes were drilled through the side of the pipe, just above 
the end of the drill, for the purpose of measuring static 
pressure. 

Data secured with the use of the probe indicated a high 
drop in pressure from the lateral to the hay directly on the 
outside of the lateral. 

With the conventional TVA duct design, it seems as 
though, when long hay is spread over the system, it prob- 
ably drapes over the duct in such a way as to leave the air 
vent at the bottom of the lateral completely free or uncov- 
ered, and in addition there is probably some additional air 
space between the hay and the sides of the lateral, particu- 
larly at the bottom of the duct. A. W. Clyde of Pennsyl- 
vania State College, I find, is of the same opinion, while 
John A. Schaller of TVA says it lies a little bit more on top. 

Chopped hay, on the other hand, falls directly down 
along the sides of the duct and plugs the vent. Further, if 
the system is operated for a considerable period of time, 
dust will enter it and plaster the hay at the duct vent and 
thus further increase the resistance to the flow of air from 
the duct system. 

In another case, using an engine-driven fan and a duct 
system of the conventional TVA design, the following data 
were obtained: With the hay about 20 ft deep, we found a 
static pressure of 2.25 in in the main—2.2 in in the lateral 
and 0.7 in in the hay just outside the lateral. Of course, 
we are never sure as to just how far we are from the lateral 
due to the fac. that the probe may not go straight down; 
however, in all cases we were probably within 1 or 1), ft. 

Thus there was a drop in pressure of 0.05 in from main 
to lateral, and a drop of 11 in in static pressure from inside 
the lateral to the hay outside. 

We should keep clearly in mind that it is static pressure 
and static pressure only that moves air through the hay, and 
static pressure is one of the important factors in determin- 
ing power required to operate the system. In this particular 
case, the fan was building up a (Continued on page 215) 
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Problems in Handling Damp Hay 


By R. C. Shipman 


MEMBER A.S.A.E. 


HE purpose of this paper is to present some of the 

ideas, methods, and procedures used and problems 

encountered by Indiana farmers this past season in 
handling hay placed on mow hay-curing systems. There 
were 30 hay-curing systems in operation in the state during 
the 1945 season. Five of the systems had been used the 
previous season and one had three years’ experience. 

The over-all problem of handling damp hay according 
to the operators is essentially the same as handling field- 
cured hay, that is, developing a quick, easy method of mov- 
ing the hay from field to storage. For this reason there is 
great interest in the pickup field chopper as a method of 
handling hay. It is interesting to note that fifteen of the 
curing systems handled chopped hay, eleven handled long 
hay, and four used bales. This was essentially the same 
form the hay had been stored in the years previous to use 
of the curing systems. 

Regardless of the method used for handling the hay, 
one of the most serious problems was to know the mois- 
ture content of from 30 to 40 per cent. They were all at a 
loss to know how to gauge the dryness of the hay, and as 
a result there was a tendency to place the hay in the barn at 
moisture contents of from 40 to 50 per cent. Even with the 
use of moisture-determining equipment, one of the problems 
was securing a representative sample from the windrow in 
the field to obtain the moisture reading. It was quite com- 
mon to have farmers take samples in the field for moisture 
determination and one hour later, as the hay was sampled 
from the mow, to find the moisture readings in the mow 5 
to 8 per cent higher than those taken in the field. 

These inaccuracies are not in the moisture-determining 
equipment but in the method of taking samples in actual 
practice on the farm. This suggests that the development 
of a moisture-determining procedure for practical farm use 
under field conditions would take much of the guesswork 
out of making hay. 

Those farms handling long hay and baled hay at 30 to 
45 per cent moisture reported that the damp hay was no 
harder to handle than the dry hay they had been handling 
in the past. Observations indicated that when the total 
moisture content of the hay ran between 35 and 40 per 
cent moisture, there was less shattering of leaves providing 
the hay was windrowed in the field. In three cases where 
the hay was cured in the swath, severe shattering of leaves 
occurred even with a total moisture content of 40 per cent 
due to the large amount of moisture in the stems. This 
emphasizes the importance of windrowing for uniform 
curing and prevention of leaf loss. 

All but one of those farms handling long hay used the 
wagon, loader, and grapple fork to place the hay in the 
mow. One farmer used the auto buck rake to transport the 
hay from the field to the barn. At the barn a blower con- 
structed from the straw blower of a grain thresher was used 
to place the hay in the mow. The hay was pitched by hand 
into the blower at the ground level. The hood on the 
blower pipe was used to distribute the hay uniformly over 


This paper was presented at the barn hay-curing conference 
sponsored by the Committee on Hay Harvesting and Storage of the 
American Society of Agricultural Engineers at Lafayette, Ind., 
January, 1946. 

R. C. SHIPMAN was formerly extension agricultural engineer, 
Purdue University, and is now associate agricultural engineer, re- 
search and development division, Cooperative G.L.F. Farm Sup- 
plies, Inc. 


the curing system. This method has been used for two sea 
sons with good results. There is very little separation o: 
the leaves from the stems of high-moisture hay. However. 
this same blower used on dry hay caused considerable break. 
age of stems and shattering of leaves. 

The handling of baled damp hay, although limited + 
only four cases, differed very little from the customary ba! 
ing procedure. Three twine balers and one wire baler wer. 
used. All operated satisfactorily on 35 to 40 per cent mois 
ture hay with proper adjustments of bale compression an:| 
feeding mechanism without undue strain on the baler. |: 
was possible to make a heavier and more tightly compresse.! 
bale with the damp hay, the average weight of the 42-in 
length bales ranging 85 to 90 lb. Bales as heavy as 125 to 
150 Ib could be made but were too difficult to handle. Th« 
85 to 90-lb bales weighed about 60 lb when cured. This 
density of bale weighed approximately 9 lb per cu ft, or 
about 225 cu ft of tightly packed bales vile 1 ton ot 
hay at 10 to 12 per cent moisture. 

The actual process of handling the bales from the field 
to the barn was simplified in two cases. To eliminate the 
extra operation of gathering bales in the field, a chute was 
placed on the baler to load the bales on a trailer wagon. 
One man on the wagon loaded the bales. The common 
practice is to use a bale hook to assist in handling these 
75 to 100-Ib bales. The bale hook on the wagon is dan- 
gerous. Two cases were reported where the man loading 
the bales on the wagon had been hit by the sharp point of 
the hook as it slipped from the bale. 

To eliminate the need of the bale hook with one baling 
unit, the baler was set to make a short 27-in bale. This 
bale weighed around 55 lb and could be handled easily. 
As the crews became accustomed to the small bale, they 
found it could be handled all day with less fatigue than the 
heavier bale. As high as 300 bales per hour of this size 
were loaded by one man on the wagon. In one case 15 
tons of hay were baled and placed in a ground-level curing 
system by a 5-man crew in two hours’ time. 

Many types of elevators were used to place the bales in 
barns and stacks, ranging from the portable ear corn ele- 
vators to many types of home-built elevators. One desirab!« 
feature of one type of home-built elevator is that it is con 
structed with a single chain conveyor, with the flights 
placed about 12 ft apart. This has the advantage of making 
it possible for the person unloading to place the bales flat 
on the elevator between flights and also prevents the poss'- 
bility of overloading the elevator. A good low-cost, light 
weight, portable bale elevator would be welcomed by farm 
ers handling baled hay. 

The handling of hay by the pickup chopper has create! 
the most farmer interest, because it offers the possibility 0! 
moving the hay from the field and placing it in the storage 
with the least physical effort. This past year’s experience 
with choppers indicates that as long a length cut of hay «s 
possible is desirable from the standpoint of quality of ha) 
The shorter cuts cause more damage to the leaves. Three 
to 4-in actual lengths of cuts are desirable, and possibly 6 to 
10-in might be more satisfactory if it can be obtained in * 
practical way. The main purpose of chopping is to facili 
tate handling of the hay with conveyors or blowers muc? 
in the same manner as ear corn or small grain. 

Of the 15 systems handling chopped hay, ten used th: 
pickup chopper. Various types of wagons were used to 
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transport the hay from the field to the blower at the barn. 
Three types of unloading devices were used in the wagons. 
One type consisted of a movable endgate set in the front 
of the wagon rack. To this endgate was attached two cables 
which extended to the rear of the rack and fasten to a pipe 
which serves as a drum to pull the entire load of hay out of 
the back of the rack into the blower feed table. In one case 
1 Y)-hp electric motor with a suitable speed reduction was 
used to power the windlass. 

Another method used was to place a special heavy can- 
vas in the bottom of the rack, and winding this canvas 
around a roller to move the entire load out of the rear of 
‘he rack. Still another method was used in which a modi- 

ed manure-spreader web was placed in the bottom of the 
‘ack. The results of the three types were about the same; 
sowever, the cost of the movable endgate unit was the 
‘owest of the three. The canvas was relatively short-lived 
because of the wear caused by sliding on the bottom of the 
agon bed. 

The main difficulty encountered with the stationary chop- 
»ers was to obtain a sufficient length of cut as most of the 
choppers had been designed for ensilage and short cuts of 
roughage. Also considerable difficulty was experienced in 
securing an even distribution of hay in the mow because 
of lack of blower capacity. The stationary chopper method 
of placing the hay in the mow has the disadvantage in that 
the long hay has to be handled from the field to the chop- 
per. In ome case the buck rake was used to haul the hay 
from the field, but this farmer is planning on eliminating 
the buck rake as soon as he can secure a pickup field 
chopper. 

Fairly good results were secured with the blowers to 
handle chopped hay but there still remains a lot of room 
tor development. Blowers that work satisfactorily on dry 
chopped hay and green ensilage oftentimes have limited 
capacity on the partially cured hay. Experiences indicate 
that larger blower pipes would be more effective in han- 
dling partially pod chopped hay. 

Distribution of the hay in the mow has been one prob- 
lem. It has been very easy to set up the blower pipe and 
let the hay pile up. The usual practice has been to place a 
man at the blower discharge to spread hay uniformly over 
the mow. Due to the severe action of the blower on the hay 
there is some fine dust and separation of leaves even with 
high-moisture hay, and this may be one cause of stratifica- 
tion of the chopped hay in the mow as it is placed in layers. 

We have very successfully used the idea of building up 
the full depth chopped hay at one end of the barn and 
working toward the other end with this depth of 6 or 8 ft 
of hay to eliminate stratification. This can only be done 
with a system designed so that the main air tunnel can be 
entered to close any laterals not being covered by hay. We 
have also found that it is important to turn the air into any 
laterals before chopped hay is placed over them. This 
removes any fine dust or leaves that tend to seal the open- 
ings from the laterals and restrict the flow of air. 

The common blower used to handle chopped hay causes 
considerable mechanical damage to the chopped hay. The 
possibility of a carrier or conveyor would eliminate this 
difhculty and would be very desirable if one could be con- 
structed that would accomplish distribution in the mow and 
still be comparable in cost to the blower. It should be 
light in weight, easy to set up, and flexible in use in various 
types of structures. 

There is much room for development work in equip- 
ment to handle hay whether it be damp hay or field-cured 
hay. Important phases that should not . overlooked is the 
connecting link eth the equipment in the field and the 
€quipment used to place the hay in the barn. 
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Distribution of Air Through Chopped Hay 
(Continued from page 213) 


high pressure, thus requiring considerable power, but this 
pressure was lost before it reached the hay, so that only a 
relatively small amount of pressure was available for forc- 
ing the air through the hay. 

In several other cases we found the pressure drop from 
the lateral to the hay as being about 0.4 in. 

We started out with an assumed pressure in the main 
of % in; actually it was higher. About half of this total 
pressure is used to move the air just a few inches from the 
inside to the outside of the lateral. 

To allow for a freer flow of air from the lateral duct 
to the hay, a new design (Fig. 1) was developed for the 
lateral. This lateral is structurally substantial, and is not 
affected appreciably by uneven floors. Also, there is very 
little turbulence inside of it. 

This lateral showed a drop in pressure of from 0.02 to 
0.04 in between the lateral and the hay, with a discharge of 
air of about 10 cfm per sq ft. 

Again I want to emphasize the fact that it is static pres- 
sure which moves the air through the hay. We have limited 
power, and therefore I believe we must design a duct sys- 
tem all the way through that will deliver the air from the 
fan to the hay with a minimum loss of pressure. In other 
words, we should use as little of the power as possible in 
the duct system, so as to have as much power as possible to 
deliver the air through the hay. 

A word about the drop in pressure from the main to 
the lateral. With the conventional duct system, and using 
chopped hay, a greatly reduced volume of air moved 
through the system, and the pressure drop from the main 
to lateral was small. However, with the new lateral duct 
which allowed for a freer discharge of air from the lateral 
to the hay, consequently larger volumes of air moved 
through the system, and drop in pressure from the main 
to lateral was increased in the order of 0.17 to 0.23 in 
static pressure with air volumes to 10 to 13 cfm per sq ft. 
The sizes of the lateral ducts were determined from the 
TVA handbook. 

We are of the opinion, therefore, that the junction of 
the lateral to the main should be redesigned so as to reduce 
the velocity and thus reduce friction losses at this point. 

It was found that in most cases 40 to 100 per cent of 
the total air delivered by the fan was lost through the sides 
of the mow when the depth of hay exceeded 8 or 10 ft. 
H. D. Bruhn, research agricultural engineer, University of 
Wisconsin, has suggested the desirability of using a high 
(4 to 6 ft) center main duct with a conventional arrange- 
ment of laterals. The system so arranged that, when hay 
covers the main by 3 or 4 ft, the laterals can be closed and 
doors near the top of the main opened. 

In one case where the new lateral duct design was used 
and where hay was 13 ft deep, there was no air coming 
through the top of the hay except for one very small area. 
The fan apparently was delivering 10 cfm per sq ft of floor 
area, but examination revealed that practically all of the air 
was escaping through the cracks in the barn walls. 

re lee hay blown into the mow apparently becomes 
stratified and this condition appears to aggravate the condi- 
tion of air escaping into the sides of the mow rather than 
moving upward through the hay. 

Experience the past season indicates that the length of 
cut is an important factor in establishing resistance to the 
flow of air through the hay, and we know from experienc< 
that the length of cut is important in determining palata- 
bility of chopped hay. Therefore, we have gone so far at 
the present time as to advise farmers not to buy any forage 
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harvester unless the manufacturer will guarantee it to suc- 
cessfully operate with a theoretical 2-in cut. This will mean 
that the hay will average about 4 in in length. 

By theoretical length of cut, we refer to the advance of 
the feed mechanism for each cut of the cutterhead. Due to 
the fact that hay passes through the cutterhead more or less 
crosswise, the average actual length of cut will be about 
twice the theoretical length of cut. 

In order to determine the drop in pressure through the 
hay, a 14-ft silo was fitted with a plenum chamber in the 
bottom, and a slat floor consisting of 2x4’s spaced 1% in. 
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Chopped hay (2-in cut) was filled to a total depth of 10), 
ft (three fillings). The drop in pressure through this chop 
ped hay was about 0.06 in per ft of depth, with an air flov. 
of 11.8 cfm per sq ft of floor area. 

In conclusion, the first thing which we consider of 
primary importance is to deliver air from the fan.to the hay 
with a minimum loss of power. Secondly, we must knov 
the friction loss through the hay before we can intelli 
gently design a system. This friction loss is probably af- 
fected by the maturity «nd texture of the crop, and density 
as affected by depth of storage and the length of cut. 


“Professional Agricultural Engineering Service for Farmers” 


To THE Eprror: 


HE letter from Carl R. Olson in AGRICULTURAL EN- 

GINEERING for February raises an interesting question, 
one to which I have given some thought in recent years. 
How can a professional agricultural engineer make a living 
by selling his services to rural communities ? 

I have spent nearly forty years, first with the govern- 
ment and now with a state university, in research work in 
drainage, conservation and soils. During this time I have 
done a large part of the extension work in drainage and 
some in the other two fields. Although I may at times 
have been guilty of encroaching on the field of the private 
engineer by giving advice in drainage, soil conservation and 
land appraisals, which could just as well have been done 
by an engineer in private practice, I have, in the vast ma- 
jority of cases, confined my advice to an explanation of the 
fundamental principles involved and advised my would-be 
clients to seek the assistance of a private engineer for the 
details and the final plans and installation. 

I am sure that this has very largely been the attitude of 
the Agricultural Extension Service, at least as it operates 
in this state, but it has not been the attitude of some of the 
federal agencies. A big talking point of one federal bureau 
has been that their advice and assistance is frec, and this 
agency has freely criticised the University for having been 
negligent in not meeting the farmers’ needs in greater de- 
tail and in not providing more personal service. 

It is my opinion that the state college can be very useful 
both to the farmer and the private engineer in pointing out 
the latest developments in any field, as shown by research, 
but when it has gotten the farmer to the point of wanting 
a drainage system, an eroded field protected, a building 
erected, or some other improvement made, the job should 
be turned over to a private engineer to work out the details 
and to complete the work. 

' fully agree with Mr. Olson when he says, “I am fully 
aware of the benefits and necessity of erosion control, but 
I am not so convinced of the need for an everexpanding 
government organization to perform all of the functions of 
the program. . .” 

I have long believed that the fundamental purpose of 
the university and the U. S. Department of Agriculture is 
one of research and education, and when the government 
or the state obtains the facts, through research, and carries 
the information to the field, to the point where the farmer 
knows what he wants and how to get it, the agency has 
performed its duty. From that point on the farmer should 
use his own initiative, and if the job is beyond his personal 
ability, he should hire someone professionally trained to 
carry on and he should pay something for this service. 

It is only by paying for it—and I do not mean at ex- 
orbitant prices—that the recipient appreciates advice. 
Those things we get for nothing are usually valued at about 
what they cost. 

It is obvious to me, and it must be to many A.S.A.E. 
members, that we are swiftly drifting into a get-something- 


for-nothing or a let-the- government-do- it att.tude. ©: 
course, one of the deepest pitfalls lies in the assumptio. 
that we are actually getting something-for-nothing from thc 
federal government. These same engineers, who are being 
deprived of a livelihood by government-financed action pro 
grams, are actually paying the bill through everincreasing 
federal appropriations and unbalanced budgets. 

One cannot expect the federal government to 1’ vice 
all this free service and not expect something in return 
Soil conservation district, TVA’s, reclamation service proj- 
ects, and others like them are depriving not only the farmer 
and the engineers, but also the whole nation of its free 
thinking and pushing us into socialized thinking and doing. 

There is a definite place for agricultural experiment sta- 
tions, agricultural extension services, and many of the fed- 
eral research agencies. There is no limit to the new ideas 
and improved methods that can come from these activities, 
and they should have better financial support than at 
present, but these agencies, state and federal alike, should 
confine iheir efforts to research and education. 


WALTER W. WEIR 


To THE Epivor: 


HAVE just read Carl R. Olson’s letter in AGRICULTURAL 

ENGINEERING for February. He discusses a situation 
that offers much opportunity for agricultural engineers. Per- 
sonally, 1 do not see much difference between employment 
of an engineer by the state to do certain services and em- 
ployment by an industrial organization to perform similar 
service for its customers, at least as far as the individual 
himself is concerned. In either case the engineer has an 
employer who is hiring him to exploit his services because 
he finds it profitable and necessary to do so. However, there 
is no reason why the engineer himself should not perform 
these services as an agent, and I am sure that if he did so, 
he would find his engineering to be more interesting be- 
cause it is independent and not limited by the employer. 

I believe the principal reason why agricultural engineers 
have not developed independent engineering services 's 
largely because there have not been enough agricultural cn- 
gineers to supply the demands of industry and government 
and consequently there has been little necessity to use one's 
imagination or ingenuity in obtaining employment. 

In regard to the field for independent agricultural engi- 
neering services, it is wide open, and there is no limit to 
the opportunities for its development. There are certainly 
numerous opportunities in farm structures, soil and water 
conservation and control, and mechanical and _ electrica! 
equipment services. However, just because the opportunitic> 
exist does not mean they will be developed. As I have indi- 
cated, the development is more likely to wait until there arc 
more agricultural engineers available and few employers for 
their services, in which case they will begin to expand and 
develop independent professional service organizations. 


GEORGE R. SHIER 
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Air Flow in the Main Duct of a Barn Hay-Drying System 


By G. W. Steinbruegge 


N BARN hay-drying systems air is delivered from a fan 

to a main duct and thence through lateral ducts or 

other means of distribution to the hay to be dried. The 
fans are capable of delivering sufficient air for the system 
at only moderate pressures (usually static pressures of 1 in 
of water or less). Losses of pressure due to friction or 
leakage are to be avoided wherever possible to secure maxi- 
mum delivery with the smallest expenditure of energy. 

Of first concern to the agricultural engineer after the 
installation of a barn hay-drying system are the answers to 
the following questions: Is as much air getting through the 
system as was expected? Is the back pressure at the fan 
equal to that on which the design was based? That the an- 
swers to those questions have given many engineers con- 
siderable trouble is evident from the discussions which took 
place at the A.S.A.E.-sponsored barn hay-curing conference 
at Purdue University in January. The answers to the above 
questions can be determined with fair accuracy by means of 
pitot-static tube readings if the testing engineer understands 
the use and ‘limitations of the pitot-static tube. 

A pitot-static tube is a commonly used device for meas- 
uring the total pressure and static pressure of flowing air. 
The differential of the total and static pressures is the im- 
pact pressure due to the velocity of the flowing air. This 
differential pressure when measured in inches of water by 
a suitable manometer and substituted in the formula 
V = 4000 VA, where / is the vertical difference of the 
fluid levels of the manometer, gives the air velocity in feet 
per minute (fpm). With the velocity thus determined, the 
volume delivered in cubic feet per minute (cfm) is ob- 
tained by multiplying 


this velocity by the ae snioee «| 
cross-sectional area (sq ' eal 
ft). - 


portant detail of the pitot-static tube design and should be 
adhered to closely. 

Of the two pressures measured in flowing air, static and 
total, the true static pressure is by far the more difficult to 
obtain. If conditions of turbulence and unsteady flow are 
present, as in barn hay-drying ducts, the static pressure 
readings are thoroughly unreliable and of no value. For 
this reason it is necessary to take precautions which insure 
reasonably streamlined flow for securing static pressure 
readings. Using a section of the barn duct to straighten 
out the flow (as illustrated in the example below) is a 
good method for obtaining fairly uniform and non-turbu- 
lent air flow in which to run a pitot-static tube traverse. 

If the pitot-static tube is siightly askew with the direc- 
tion of air flow as shown in Fig. 1, both the total and static 
pressures as measured will be less than the true pressures. 
However, the error in the total pressure reading is negligi- 
ble up to angles of about 20 deg with the true direction of 
air flow. On the other hand, this is not true of the static 
pressure readings which may be considerably erroneous evea 
at small angles of yaw. 

Professor M. M. Jones, of the University of Missouri, 
and the author have obtained data on the air flow in the 
main duct of a representative hay-drying installation, as our- 
lined below. 

A barn near the University having a hay-drying system 
installed in the 30x80-ft loft and using a 23,000-cfm cen- 
trifugal blower driven by a7!/,-hp motor had hay being dried 
only on the half of the duct system farthest from the fan. 
The lateral ducts nearest the fan were closed by boards nailed 

across the lateral open- 

ee ‘4 ~ | ings into the main ae 
é The fan was operating 

at a speed of 555 rpm 


The design of the a 
pitot-static tube is im- ~~ geil 
portant and a standard — 
design such as that ap- —~— 
proved by the National 
Association of Fan 
Manufacturers should 
be used. Whether the in- 
strument has a sharp 
nose such as shown in 
Fig. 1, or whether it 
has a round nose, seems 
to have little effect upon 
the operation of the tube 
provided other details 
are properly correlated 
with the design. The 
number and location of 
the static pressure holes | 
is probaly the most im- 


Fig. 1 Flow around 


This paper was prepared 
express'y for AGRICUL- 


and drawing approxi- 
mately 5.3 hp from the 
driving motor. The aver- 
age of eight static pres- 
sure readings taken with 
a pitot-static tube in the 
main duct directly in 
front of the fan open- 
ing indicated that the 
static pressure head was 
0.52 in of water. Ve- 
locity pressure readings 
taken at the same time 
indicated an average 
velocity of 3670 fpm 
across the fan opening 
of which the area was 
8.6 sq ft. Calculation 
shows then that the vol- 
ume should be 31,500 
cfm. Reference to the 
fan catalog tables shows 
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Fig. 2 Layout of main duct showing type of flow and areas of extreme turbulence 


against a static pressure 
of 0.52in of water 


3 : : 
‘3 157 should be delivering 
1.23 21,000 cfm when run- 
(0.95) (0.97) 1.38 


ning 447 rpm. How- 
ever, the speed of the 
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fan was 555 rpm. This 
indicates immediately 
that the static pressure, 
as determined, was too 
low resulting in too 3 
great a differential pres- @ ee \w 
sure with a consequent Om fn 
abnormally high calcu- <a 
lated velocity. Leo 

We next entered the 
duct while the fan was : 
blowing and had no 
difficulty in finding that 
the air flow through the ~ 
duct was as indicated in Fig. 2 and that there were some 
back currents at B and C with high turbulence in these 
areas. These determinations were made with a man lying 
prone upon the floor of the duct and facing upstream while 
exploring the areas in front of him with his hands. It is 
true that his body created additional disturbance in the air 
stream but the true air flow was still unmistakably as shown. 
A wooden laboratory ring stand, having a base 4x11 in, 
when placed at B was drawn rapidly toward the fan if the 
entrance door to the duct was opened. 

A pitot-static tube traverse taken across the duct at the 
point indicated by the plane A-A in Fig. 2, showed the 
velocity to be quite variable across the duct but averaging 
1117 fpm. The area of the duct at this point was 12.08 sq 
ft and the calculated delivery volume found to be 13,500 cfm. 
This was probably very close to the true figure inasmuch as the 
air was flowing reasonably straight down the duct though 
still in stratified layers of unequal velocity. The velocity 
was calculated from the data secured at section A-A as fol- 
lows: A scale diagram was drawn as shown in Fig. 3 and 
the locations and magnitudes of the velocities plotted 
thereon. Velocity contours were then drawn in at 50-fpm 
intervals. The planimetered areas between successive con- 
tours were then found and multiplied by the mean velocity 
of the respective areas. The average of these weighted 
velocities was 1117-fpm. It should be mentioned that read- 
ings were taken at 27 points and that a simple average of 
these readings yielded 1110 fpm as the velocity. The close 
approximation of this simple average to the weighted mean 
is, however, pure coincidence inasmuch as such widely vary- 
ing velocities were present. It should also be pointed out 
that, since the velocities do not bear a straight line relation- 
ship to the observed velocity pressures, the velocities should 
be computed before the average is taken rather than com- 
puting the average velocity pressure and determining the 
velocity from that average pressure. The quantity of air 
passing the plane A-A was 13,500 cfm. This was probably 
the best estimate of the output of the fan. There was in- 
significant leakage between the fan and the point A-A. The 
average static pressure at A-A was 0.85 in of water. The 
velocity pressure corresponding to 1117 fpm is 0.08 in of 
water. Therefore the weighted mean of the total pressures 
was 0.93in of water. A set of total pressure readings 
taken at the points D, E, F, G and H shown in Fig. 2 
(four readings were taken at each point and averaged) * 
showed that the total pressure was rather constant through- 
out this length of duct. Readings taken closer than 9 ft 
from the fan showed an average drop in total pressure 


* AUTHOR'S NoTE: It is recognized that the total pressure read- 
ings taken at each point cannot properly be averaged. A weighted 
average would be proper, but this requires a determination of the 
static pressure at each point which would very likely be more er- 
roneous than the above procedure. Furthermore, the readings as 
taken might be too low. The uniformity of the readings suggests 
that this is unlikely. 


Fig. 3 Section A-A. Cross section of main duct 27 ft below fan. View looking 
downstream 
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which is an impossibi! 
ity. These readings wer: 
therefore discarded. 

The air flow at the 
fan opening (J) wes 
found to be more un. 
form and less turbule:: 
than the air flow be- 
tween J and H. The 
average of 8 total pres- 
sure readings taken at | 
was 1.38in of wate. 
Since the volume del:v- 
ered was 13,500 cfm 
and the fan opening was 8.6 sq ft, the average velocity «t 
J must have been 1570 fpm. The corresponding veloci‘y 
pressure is 0.15 in of water; therefore the static pressure «{ 
J was 1.23 in of water. This indicates a static pressure lo.s 
of 0.38 in of water between the fan and the section A-/. 
The bulk of this loss undoubtedly occurred in the turbu- 
lent region between J and H. References to the fan catalog 
tables indicate that this fan when running 555 rpm against 
a 114-in water static pressure would be delivering some- 
what less than 13,500 cfm, but, nevertheless, the agreement 
is reasonable. 

The above static pressure loss of 0.38 in of water was 
calculated from tests run with the system choked down to 
about 60 per cent of its full capacity. At 100 per cent ca- 
pacity the turbulence would very likely not be decreased 
and the static pressure loss due to this turbulence at the duct 
entrance not be decreased either. It is evident to the author 
that streamlining in the section H-J] would be very bene- 
ficial in this case. 

At the hay-drying conference at Purdue University there 
was considerable discussion concerning back pressures at the 
fan. Some investigators indicated that they found pressures 
at the fan higher than they expected (up to 1 in static). 
Other investigators said they found pressures of no more 
than about 1, in of water at the fan. In the light of this 
study the author feels that the static pressures at the fan 
are probably nearer the higher figure and the quantity of air 
flow consequently diminished than is normally suspected. 
Errors of measurement with pitot-static tubes tend to de- 
crease the static pressure readings with an accompanying in- 
crease in the difterential or velocity pressure readings. This 
makes it appear that the fan is operating at low pressure 
and large volume. 
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Museum Pieces 


le we are making the museum pieces for the museums | ! 
fifty years from now. And these pieces are going to look ju 
as funny fifty years from now as the ones do today that are twent} 
five or thirty years old. 

So we don’t come to any finality on these things. They «°° 
transient. This is just another day in the chain, another mile \° 
the road; and so these museum pieces we are building today mus! 
always be looked at in terms of how they are going to be looke 
at fifty years from now. 

Of course we have a lot of people come around and say, “Whs' 
do you think the automobile of fifty years from now is going t 
look like?” I don’t care. Let it look the way the people want i: 
to look. Don't try to force it on them.—C. F. Kettering i: 
“A.S.T.M. Bulletin’, Dec., 1945. 
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Progress Report on Comparing the Efficiency of Three 
Methods of Harvesting and Preserving Forage Crops 


By R. E. Hodgson, J. B. Shepherd, L. G. SchoenleSer, H. M. Tysdal and W. H. Hosterman 


MEMBER A.S.A.E. 


HE forage harvesting research program at the USDA 

Agricultural Research Center at Beltsville, Md., is 

being conducted cooperatively by the Bureau of 
Dairy Industry, the Divisions of Agricultural Engineering 
and the Division of Forage Crops and Diseases of the 
Hureau of Plant Industry, Soils and Agricultural Engineer- 
ing, and the Grain Branch of the Production and Market- 
ing Administration. The program is planned to compare 
the relative efficiency of silage-making, barn-curing, and 
fild-curing methods of harvesting and storing hay crops. 
lt includes in each case a determination of (1) the losses 
of dry matter and feed nutrients during harvesting and 
storage, (2) changes in the chemical composition and in 
the carotene, color and leafiness of the forage, and (3) 
labor and machinery requirements for putting up the crop. 
Comparative feeding experiments are being conducted to 
determine for each roughage (1) the value for milk pro- 
duction, (2) the effect on the vitamin A content of milk 
and (3) the anti-ratchitic properties. Research is also being 
conducted to improve the practical efficiency of the methods 
used in silage making and barn hay drying. 

This progress report gives the results of the study to 
date for the second cutting of the 1945 alfalfa crop which 
is also being used in the feeding experiments. Results ob- 
tained to date on the first cutting are in substantial agree- 
ment with the data being presented. 

It is expected to continue these studies for at least three 
years and final conclusions will be based on the results for 
all years. These preliminary results are given as a progress 
report to acquaint those interested with the trend of results 


This paper was presented at the barn hay-curing conference 
sponsored by the Committee on Hay Harvesting and Storage of the 
American Society of Agricultural Engineers at Lafayette, Ind., 
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Fig. 1 Scheme of random selection of plots in blocks of alfalfa 
harvested as silage, barn-cured hay and field-cured hay 


in the important field of methods of forage preservation. 

The second cutting of alfalfa, which contained from 20 
to 25 per cent ladino clover, was harvested on June 25 to 
29 when the alfalfa was from one-tenth to one-fourth 
bloom. In order to sample the forage on the field as uni- 
formly as possible for each of the three curing methods and 
to obtain the original field yield and composition of the 
freshly cut material, the field was divided into seven blocks, 
each block of which was divided into three plots of about 
equal size, as shown in Fig. 1. 

The blocks were long and narrow to facilitate mowing. 
The plots in each block were assigned each of the three 
harvesting methods at random. Laying out the field in this 
manner made it easier to have comparable material for each 
harvesting treatment since all three plots in each block were 
cut at the same time. A total of 37.2 acres were harvested, 
12.3, 12.4 and 12.5 acres, respectively, for silage, barn- 
cured hay and field-cured hay. As the forage was cut in 
each plot 30 quadrates, each containing 121/, sq ft, were 
selected at random and the herbage from these areas was 
collected and composited into three samples containing 10 
quadrates each. From these samples determinations were 
made of the yield, dry matter content, chemical composi- 
tion,, carotene content, color and leafiness of the green for- 
age at the time of harvest, for each harvesting method. The 
forage was weighed when it was put in storage and was 
weighed again when it was taken out of storage. Each kind 
of forage was carefully sampled when put in and taken 
from storage in order to determine the dry matter content, 
chemical composition, carotene content, color and leafiness. 
From these data the losses in yield of dry matter and nutri- 
ents and the changes in the composition, color and leafiness 
of the forages at different stages of harvesting and storing 
were determined. 

In harvesting and storing the forage the mower, side- 
delivery rake, ensilage cutter and hay hoist were operated 
by tractor power. The forage was hauled from the field to 
storage by truck. The crew in the field consisted of one 
man operating the mower and side-delivery rake, one man 
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Fig. 2 Pertinent data on mow curing of second-cutting 
alfalfa in 1945 
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operating each truck with two men in the field to load. 
The crew at the silo consisted of one man operating the 
tractor and filler, one man assisting the truck driver unload- 
ing and one man in the silo. The crew used for storing the 
barn-cured hay consisted of one man operating the hoist, 
the truck driver operating the fork and three men scatter- 
ing the wilted hay in the mow. The crew for storing the 
field-cured hay was the same as for the barn-cured hay, ex- 
cept that one man less was needed in the mow. A record 
was kept of the time that labor and machinery was used in 
each operation involved in harvesting and putting the for- 
age into storage. A charge of 12 min was made against 
each truck load of forage to cover the time consumed in 
going to and from the field. Any lost or idle time occurring 
during the operations was not included. 

When the first few loads of barn-cured forage was 
placed on the hay drier, the fan was started up and it was 
operated continuously until the hay was considered dry 
(when the forage on the top one foot reached 20 per cent 
or less of moisture). Thereafter the fan was operated in- 
termittently until the hay showed no indications of heating. 
The barn-cured hay was taken off the drier, baled and 
weighed 30 days after drying began and the field-cured hay 
was taken out of the mow, baled and weighed 25 days after 
it was stored. The silo was opened 125 days after filling 
was completed. The weight of silage is being determined 
as the silage is taken out and fed each day. 

TABLE 1. WEATHER CONDITIONS DURING HARVESTING 
(TEMPERATURE AND HUMIDITY) 

June 25  Juue 26 Jnue27 June 28 June 29 

degF % degF % dogF % degF % deg F % 
Barly morning: 
min. temp.; max. hu. 64 100 64 100 52 100 62 100 67 100 


Daytime: 
max.temp.;min.hu. 8s&& 68 82 60 87 42 95 46 97 50 


24-hr average: 


6 a.m. - 6 a.m. 74 90 68 87 72 TT 78 78 82 84 
6 a.m. temp.; hu. 68 100 68 100 57 100 62 100 66 100 
9 a.m. temp.; hu. 80 86 73 100 76 62 80 70 79 8&7 
12 m. temp.; hu. 8&4 74 80 70 79 51 88 53 92 59 
3 p.m. temp.; hu. 61 86 79 74 83 46 91 52 95 52 
6 p.m. temp. ; hu. 77 83 78 60 83 50 86 71 92 67 
9 p.m. temp.; hu. 69 100 66 100 69 100 82 74 82 100 
Sky conditions Partly Partly 
during day cioudy cloudy Clear Clear Clear 
Radiation; G. cal.: 
Hourly maximum 44 58 83 80 73 
Total for day 363 447 728 647 606 
Water evaporation: 
Inches per day 0.059 0.313 0.268 0.288 0.238 
Air movement: 
Direction East NW NE SW SW 
Miles per day 33 68 31 43 35 


The weather conditions from June 25 to 29 when the 
crop was harvested was generally very favorable (Table 1). 
The first two days were more or less cloudy. Rain threat- 
ened on the second day, but none fell. The last three days 
were bright and sunny. The humidity, however, remained 
rather high during most of the harvesting period. 

The forage was harvested and stored by each of the 
three methods in the approximate condition desired, al- 
though this was rendered difficult because all three kinds 
of forage were harvested simultaneously and because the 
crews — working at 4:30 p.m. 

The forage harvested for silage was wilted slightly in 
the field before being stored in the silo without any pre- 
servative. About two-thirds of this forage was cut in the 
morning or right after noon and stored in the silo within 
three hours after cutting, during which it was in the swath 
1.6 hr and in the windrow 1.4 hr (Table 2). About one- 
third of the forage was cut in the middle of the afternoon, 
windrowed before 4:30 p.m. after 1.3 hr in the swath and 
hauled to the silo the next morning while the dew was still 
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on. This raised the average time in the field of all forage 
to 7.3 hrs, during which it was in the swath 1.5 hr and in 
the windrow 5.8 hr. 


TABLE 2. TIME INTERVALS IN HOURS BETWEEN CUT- 
TING, RAKING AND STORING FORAGE HAR- 
VESTED AS SILAGE, BARN-CURED H 4% 

AND FIELD-CURED HAY 

Average time in? + i. tz 
In Inswath fr. ai uttiny 


In wind- and to 
Method of harvesting swath row. wil. row iorge 
Silage total: 1.54 5.79 Bie. 7.80 
Stored same day cut 1.58 140 > 98 3.45 
Cut in afternoon, 
stored next day 242. 27:37 18978 19.26 
Barn-cured hay, total: 23.16 4.86 23.02 28.85 
Stored day after cutting 20:38 5:39 255." 26.66 
Stored second day after 
cutting 44.96 69 45.65 46.03 
Field-cured hay, total 26.98 24.35 51.33 54.66 


The barn-cured forage was in the field i. average of 
28 hr after cutting, 23.1 hr in the swath anc 4.9 hr in the 
windrow. The field-cured forage averaged a total of 51.3 
hr in the field during which it was in the swath 27 hr and 
in the windrow 24.3 hr. 

The average moisture content of the forage when cut 
was 77.6, 78.2 and 76.8 per cent (wet basis), respectively, 
for the silage, barn-cured and field-cured forage. The aver- 
age moisture content of the forage when taken off the field 
and stored was 60.6, 43.6 and 19.2 per cent, respectively). 

The silage was stored in a 10x25-ft cement stave silo. 
It was chopped in 14-in lengths and no preservative was 
added. The barn-cured hay was piled in the mow to a 
height of about 9 ft. The pertinent data regarding the mow 
drying is shown in Table 3 and Fig. 2. The fan (Buffalo 
No. 6 backward double-curved multivane fan of a non-over- 
loading type) delivered 15 to 16 cu ft of air per minute per 
square foot of mow space and was operated for a total of 
267 hr over a 13-day period in bringing the moisture con- 
tent of the hay down to a safe storage point. This repre- 
sented a current consumption of 73 kw-hr per ton of dried 
hay. It is probable that considerable savings in current con- 
sumption could have been made by not operating the fan 
continuously during the night when the humidity was high. 
Most of the hay was high in green color with a good aroma. 
However, considerable dustiness developed in the top one- 
third of the mow and it had a musty odor, but no mold oc- 
curred. This also occurred to a slight extent in the field- 
cured haymow ; however, both hays appear quite palatable. 


TABLE 3. BARN CURING — CHANGES IN WEIGHT AND 
MOISTURE IN HAY, DRYING TIME, FAN 
AND POWER REQUIREMENTS 


Dates hay was put on drie1 June 26, 27, 28 


Weight of hay as put on drier, tons 2411 
Moisture in hay as put on drier, per cent 43.63 
Weight of hay as taken off drier, tons 12.37 
Moisture in hay as taken off drier, per cent 1273 
Height of hay in mow, ft: 

When put in 9 

When dried | 
Moisture in top foot of hay, 

when drying was completed, per cent 19.79 
Days required for drying 13 
Days fan operated continuously 10 
Days fan operated intermittently 3 
Total hours of operation 266.8 
Cubic feet of air delivered, per sq ft per min 15-16 
Electricity consumption, kilowatt-hour 903 


Electricity consumption, per ton of hay 73 
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The field loss of dry matter for the forage made into 
silage averaged 4.7 per cent (Table 4). The loss due to 
ensiling (including top spoilage) averaged 10 per cent. 
The gross loss in dry matter from the field through storage 
amounted to 14.1 per cent. The gross loss for the barn- 
cured forage was 20.8 per cent with a field loss of 12.6 per 
cent and a further reduction of the dry matter during barn 
drying of 9.3 per cent. The gross loss for the field-cured 
hay was 23.4 per cent, of which 19.3 per cent occurred in 
the field with a further reduction in dry matter in the mow 
of 5.1 per cent. 


‘ABLE 4. YIELD OF DRY MATTER, POUNDS PER ACRE 


Barn- Field- 

Silage cured cured 

\ hen cut 2i2i 2206 2140 
\ xen placed in silo or mow 2026 1927 1727 
Luss in field, per cent 4.7 12.6 19.3 
W hen taken from silo or mow 1823 1748 1639 
Loss during storage, per cent 10.0 9.3 5.1 
G.oss loss, percent 14.1 20.8 23.4 


The protein content of the dry matter, as shown in 
Table 5, was about the same for all three lots when the for- 
age was cut (21.92, 21.73 and 21.64 per cent). That made 
into silage changed very little during the time it remained 
in the field, being 21.9 per cent when cut compared with 
21.4 per cent when ensiled. It is not expected that a fur- 


ther reduction in the percentage protein content of the dry 
matter will occur in the silo. 


TABLE 5. PROTEIN CONTENT OF DRY MATTER, PER CENT 


Barn- Field- 

Silage cured cured 

When cut 21.92 21.73 21.64 

When placed in silo or mow 21.42 20.82 18.69 
Decrease 23 4.2 13.6 

When taken from silo or mow (22.19) * 21.63 19.68 
Change during storage (=-3:1)* F309 = ae, 
Gross change (--1.2)* -0.5 -9.1 


*Fstimated 


The protein content of the forage stored on the hay 
drier was 20.82 per cent, or about 4.2 per cent lower (on a 
dry matter basis) than when it was cut. During storage on 
the drier, losses of non-protein organic matter were propor- 
tionately greater than losses in protein, resulting in the hay 
having about the same percentage protein content as the 
original crop. 

The protein content of the field-cured forage was 18.69 
per cent, or 13.6 per cent lower when stored than when it 
was cut. Practically no loss of protein occurred during 
storage, and due to losses of non-protein dry matter, the 
per cent of protein in the hay baled out of the mow was 


19.68 per cent, or only 9.1 per cent less than that of the 
original crop. 


TABLE 6. YIELD OF PROTEIN, POUNDS PER ACRE 


Barn- Field- 

Silage cured cured 

When cut 464.9 479.4 463.1 
When placed in silo or mow 434.0 401.2 322.8 
Loss in field, per cent 6.6 16.3 30.3 
When taken from silo or mow 404.5 378.1 322.6 
Loss during storage, per cent 66 5.8 .03 
Gross loss, per cent 13.0 ra | 30.3 


The total yield of protein per acre, as shown in Table 6, 
was reduced because of field losses before storing by 6.6 per 
cent for forage stored in the silo compared with 16.3 and 


30.3 per cent, respectively, for the forage stored on the barn 
drier for further curing, and the field-cured forage stored in 
the mow. In the mow there was a further loss of 5.8 per 
cent in the barn-cured forage with a loss of only 0.06 per 
cent for the field-cured hay. The loss of protein in the 
silage amounted to 6.6 per cent. The over-all loss of pro- 
tein for the crop preserved as silage amounted to 13 per 
cent, compared with 21.1 per cent for the barn-cured forage 
and 30.3 per cent for the field-cured forage. Field losses of 
dry matter and protein are due to leaf shatter, fermentation 
and unavoidable losses of forage when taking it off the 
field. : 

The carotene content of the crop was 307.9, 303.0 and 
302.3 »g (micrograms) per gram of dry matter, respec- 
tively, as cut for silage, barn-cured hay and field-cured hay 
(Table 7). By the time these crops were stored, the caro- 
tene content had been reduced to 218.2, 121.6 and 49.6 pg 
per gram, respectively, representing field losses of 29.1, 
60 and 83.6 per cent, respectively, for the forage made 
into silage, barn-cured hay and field-cured hay. After being 
stored for one month in the mow the carotene of the barn- 
cured hay was reduced to 29.3 and the field-cured hay to 
25.5 wg per gram, representing losses of 90.3 and 91.6 per 
cent, respectively, of the carotene in the crop as it was cut. 
Our experience indicates that it is probable a shorter barn- 
drying period would result in better carotene preservation. 
The carotene content of the silage averaged 86 pg per gram 
of dry matter, or an over-all reduction of 72 per cent from 
the carotene content of the crop as cut. The determination 
of the vitamin A value of the milk produced by cows fed 
these three kinds of preserved roughage will point out the 
significance of their carotene content. 


TABLE 7. CAROTENE CONTENT OF DRY MATTER, 
GAMMA PER GRAM 


Barn- Field- 

Silage cured cured 

When cut 307.9 303.0 302.3 
When placed in silo or mow 218.2 121.6 49.6 
Decrease, per cent 29.1 60.0 83.6 
When taken from silo or mow 86 29.3 25:5 
Gross decrease, per cent 72 90.3 91.6 


When removed from storage, the barn-cured hay aver- 
aged 56 per cent green color and 50 per cent leaves, with 
an official U. S. grade of No. 2 extra leafy alfalfa-clover 
mixed hay (Table 8.) It contained more leaves than re- 
quired for a No. 1 grade, but failed to make that grade be- 
cause it was slightly too low in green color. 


TABLE 8. COLOR, LEAFINESS AND OFFICIAL GRADE OF 
HAYS WHEN TAKEN FROM THE MOW 
Leafiness 
Color, of alfalfa, 
per cent per cent 
Barn-cured hay 56 50 


U.S. Grade 
U.S. No. 2 extra leafy 
alfalfa-clover mixed 
U.S. No. 2 alfalfa- 
clover mixed 


Field-cured hay 54 36 


The field-cured hay averaged 54 per cent green color 
and 36 per cent leaves, with an official U. S. grade of No. 2 
alfalfa-clover mixed hay. It was too low in both color and 
leaves for a No. 1 grade. 

Figures on the leafiness of the silage are not yet avail- 
able. However, data on silage made from first-cutting alfalfa 
indicate that it is at least as leafy as barn-cured hay. 

The total man-hours per acre required to harvest the 
alfalfa crop and put it into storage by the three methods, as 
shown in Table 9, amounted to 4.5, 4.6 and 3.9 hr, respec- 
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TABLE 9. LABOR AND MACHINERY REQUIRED IN HAR- 
VESTING, TOTAL HOURS PER ACRE HARVESTED* 


Barn- Field- 
Silage cured cured 
Man-hours 4.53 4.61 3.90 
Tractor hours (all operations ) 1.14 1.12 1.17 
Mower hours (tractor operated ) 38 38 38 
Rake hours (tractor operated ) 33 38 52 
Loader hours (truck drawn) 42 36 44 
Truck hours (loading, hauling, 
unloading) 1.23 1.02 97 
Silo filler hours (tractor operated ) AB 
Hay hoist hours (tractor operated ) Be Fe i 


*Acres harvested: silage, 12.3; barn-cured hay, 12.4; field-cured 
hay, 12.5. 


tively, for silage, barn-cured hay and field-cured hay. The 
total tractor hours required per acre were 1.14, 1.12 and 
1.17, and mower hours 0.38, 0.38 and 0.38, respectively, 
being nearly the same for each method. The hours required 
for raking were 0.33 for the silage, 0.38 for the barn-dried 
hay and 0.52 for the field-cured hay. The higher require- 
ment for the hays was due to the fact that all of the field- 
cured hay and part of the barn-cured hay was turned over 
after it was raked, whereas the forage made into silage was 
not turned. The truck requirements per acre were 1.23 hr 
for the silage, 1.02 hr for the barn-cured hay, and 0.97 hr 
for the field-cured hay. The silage requirements were higher 
because more loads were hauled to storage while the field- 
cured hay required the least truck hours because of fewer 
loads. Use of the cutter for silo filling amounted to 0.43 hr 
per acre as compared with 0.35 hr for the use of the hoist 
in putting up barn-cured hay and 0.27 hr in putting up the 
field-cured hay. 

When calculated in terms of dry matter stored, as indi- 
cated in Table 10, the man-hours per ton were about the 
same for the silage and field-cured method, 4.5 hr per ton 


TABLE 10. LABOR AND MACHINERY REQUIRED IN HAR- 
VESTING, TOTAL HOURS PER TON OF 
DRY MATTER STORED* 


Barn- Field- 
Silage cured cured 
Man-hours 4.48 4.79 4.50 
Tractor hours (all operations ) 1.13 1.16 1.36 
Mower hours (tractor operated ) 38 AO AA 
Rake hours (tractor operated ) 32 39 .60 
Loader hours (truck drawn) 42 38 Pi 
Truck hours (loading, hauling, 
unloading ) 1.22 1.06 Lt? 
Silo filler hours (tractor operated ) 43 
Hay hoist hours (tractor operated ) 38 32 


*Tons dry matter stored: silage, 12.42; barn-cured hay, 11.90; 
field-cured hay, 10.82. 


each, while the barn-cured method required a total of 4.8 
hr. The total tractor, mower and rake hours required per 
ton of dry matter stored were the least for the a. 1.13 
hr, and the greatest for the field-cured hay, 1.36 hr, while 
the barn-cured method was intermediate, 1.16 hr. The field- 
cured hay method required the largest amount of time for 
loading 0.51 hr, and the barn-cured method the least, 0.38 
hr, and intermediate for silage, 0.42 hr, while the total 
truck hours required were for silage, 1.22 hr, for the barn- 
cured hay, 1.06hr, and 1.12 hr for the field-cured hay. 
More hours were required of the cutter to store the silage 
than was used by the hoist to store either the barn-cured 
hay or the field-cured hay, 0.43 hr compared with 0.38 
and 0.32 hr, respectively. The total differences in the labor 
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and machinery required to harvest and put the forage inio 
storage by the three methods were remarkably small, and :t 
does not seem that from this standpoint one method is to be 
favored over the other. 

It appeared that harvesting and storing the forage s 
silage preserved for feeding slightly more dry matter aid 
protein per acre and materially more of the carotene in tc 
original crop at very little if any greater outlay in hours of 
labor or machinery in putting up the crop. Only feeding 
experiments now in progress can determine whether or rot 
one type of forage is more desirable as a feed than anoth«r. 


Farm Work Simplification 
(Continued from page 201) 


ing the most of sound agricultural science and inherenily 
good materials, equipment, land, and other working capit.!. 

Farm work simplification breaks down, on analysis, 
into questions, first of all, of functional justification. [s 
the specific job worth doing? Is there a good reason, in 
the present work objective, for all of the individual move- 
ments or operations within the job? Does each contribute 
more than its cost to yield, quality value, marketability, con- 
servation of assets, or other good and valuable considera- 
tion of increased return or savings? Is the purpose clear, 
in measurable terms of physical or chemical environment, 
location, position, timing or other factors favorable to the 
optimum production or utilization desired? Or is the job, 
or any part of it, horse baggage carried over by custom, or 
lack of knowledge or some better way, from some other 
crop, operation, condition, or day when current knowledge, 
materials and equipment were not available? 

Once the purpose or objective of the job is clearly de- 
fined, the inquiring engineer asks himself, “Is this neces- 
sarily the best way to accomplish the purpose?” What other 
ways are available? In the whole field of agricultural prac- 
tice, engineering development, and other arts and applied 
science, what techniques, materials and equipment are used 
in basicly similar situations? Or is the job sufficiently 
unique, time consuming, and necessary to warrant some en- 
tirely new approach? Does it warrant research for new 
basic data? Does it indicate need of new materials, equip- 
ment, power applications, or controls? 

Further immediate opportunity for agricultural engi- 
neers to help farmers simplify their work exists in refine- 
ment of established operations of tillage, planting, harv«st- 
ing, feeding, etc., which must and will go on while awuit- 
ing benefit of engineering analyses of justification nd 
alternative methods. Refinements of routing and layout, 
integration or combination of simultaneous operations, 
sequence of operations, coordination of operations in m: Iti- 
ple-man jobs, critical and non-critical time factors, time ind 
motion study, reduction of weather hazards, scale of opera- 
tion, yield and area influences on work, routine m.in- 
tenance to reduce breakdowns, improved carriers, 2::‘0- 
matic controls to reduce personal tending of operation: — 
all these and more are particularly matters in which er vi- 
neering techniques can help farmers save minutes here 1nd 
there to apply where they can be more useful, and to + 1d 
up to material increases in farm operating efficiency. 

There is a practical kind of opportunism in giving 
farmers the sort of engineering help they want, when thcy 
want it. It represents work simplification for the engine‘. 
reducing the effort required to sell his ideas and making 
more of his time and energy available to increase and im- 
prove his technology and service. With this in mind we 
might well make agricultural engineering attention to work 
objectives, basic jobs, and refinement of work methods «0 
order of the day. 
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AGRICULTURAL ENGINEERING for May 1946 


Freezing Rates of Foods in a Locker Plant 
with Direct Air Blast 


By John E. Nicholas 


ONTACT with a single refrigerated plate or pipe 
coil, and direct air blast, are the two methods gen- 
erally practiced in freezing meats, fruits and vege- 

tables in locker plant freezing rooms. At the present, room 
temperatures of —10 to —-15 F (degrees Fahrenheit) are usu- 
ally considered the basis of design for locker plant freezers. 
As a result of the general conviction that the more 
rapidly foods are frozen the better the quality of the prod- 
ucts, it is important for engineers to know the rate at which 
heat is extracted from certain products under various con- 
ditions in order to prepare correct specifications for evap- 
orator surfaces and to select proper compressor capacity. 
Several factors are recognized as affecting speed of 
freezing in an environment. For a given weight of pack- 
aged product, the type of container, its shape, the number 
of layers of wrapping material used while freezing, and the 
arrangement of the packages (in a single layer or piled on 
top of each other) are the greatest factors controlling the 
speed of freezing or the rate at which heat is given off. 


Freezing Rate Studies. Freezing rate studies on fruits 
and vegetables were carried out in a locker plant having a 
freezing room approximately 8 ft wide, 10 ft long, and 7 ft 
high. Freezer coils and fan were located in a false ceiling. 
Circulation was attained by air passing upward through an 
opening in this ceiling near the door, over the coils, and 
into the fan which forced it downward onto the products 
to be frozen. Air blast was provided by a double Sirroco- 
type blower discharging through two 12x14-in openings. 


This paper was prepared expressly for AGRICULTURAL ENGI- 
NEERING, and authorized for publication on January 24, 1945, as 
technical paper No. 1271 in the Journal Series of the Pennsylvania 
Agricultural Experiment Station. 


JoHN E. NIcHOLAs is professor of agricultural engineering, 
Pennsylvania State College. 
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Rates of freezing of Brussels sprouts packed dry in pints 
and quarts, February 2, 1944. Curves 7 and 8, type a packages 
qt; curves 1 and 2, type b packages, pt; curves 3 and 4, type d 

packages, pt; curves 5 and 6, type e packages, pt 
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The freezer room temperature was thermostatically con- 
trolled but the fan was manually operated, being turned on 
only when packages of food were Sins frozen. 

During freezing, packages were placed on the upper 
shelf of a wooden rack in a single layer, separated trom 
each other, directly beneath the fan exhaust opening 24 in 
distant. The air velocity over the product during freezing 
varied from 1500 to 1800 fpm (feet per minute). Air- 
blast temperatures measured at points between packages 
were found to vary from + 3 to —15F during the trials. 


Type of Packages Used. Many types of commercially 
available packages have been found acceptable and atis- 
factory for the freezing and storage of foods. In these ex- 
periments, however, the number was limited to three types 
and to quart and pint capacities. 

Two types used were brick shaped, containers made of 
heavy cardboard with vaporproof cellophane bags on the 
inside. The third was cube shaped and of heavy cardboard 
construction and heavily parattined both inside and out. 
For convenience of study and analysis, the symbols in Table 
1 will be used to refer to the curves in the figures which 
show the rates of freezing of various fruits and vegetables 
in the type and sizes of containers. 


TABLE 1. LETTERS RELATING PACKAGE TYPES TO THE 
FREEZING RATE CURVES IN FIGS. 1 TO 8 

(Note that the same curve “number” in the 8 figures does not 
necessarily represent the same type of package in each figure) 

Package, type ‘a’, cube shaped, paraffined, quart = 334x334x4]/% in 

Package, type “b’, cube shaped, paraffined, pint=314x314x3% in 

Package, type ‘‘c’’, brick shaped, with cellophane lining, quart= 
4x714x2 in 

Package, type “d’’, brick shaped, with cellophane lining, pint= 
33/44x4x2 in 

Package, type ‘‘e’, 
4x514x1¥, in 


Note: Package “‘e’’ was made of a heavier cardboard than “'c’’ 
and ‘‘d” had a gloss finish. 


brick shaped, with cellophane lining, pint= 
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Fig. 2 Rates of freezing of broccoli, packed dry in pints and 
quarts, February 3, 1944. Curves 7 and 8, type a packages, qt; 
curves 1 and 2, type b packages, pt; curves 3 and 4, type d pack- 

ages, pt; curves 5 and 6, type e packages, pt 
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Method of Preparation. All  aagapers vegetables werc 
steamed in a 3-gal covered kettle for 3 min in lots of 200 g 
(7 oz approximately). The products, contained in cheese- 
cloth squares, were placed on a wooden rack which kept 
the material from coming in direct contact with the boil- 
ing water. 

Upon removal from the steaming kettle, the products 
were immediately plunged into ice water. After sufficient 
cooling, the vegetables were removed from the cheesecloth 
and placed on wire strainers to drain before packing. 

In the case of pineapple, the one kind of fruit used in 
this study, it was peeled, cubed, then packed without sugar 
or syrup. The pints in general contained 200 g and quarts 
400 g, except as noted, depending on the bulk and density 
of the product. 

Each freezing rate curve represents the temperature of 
a single piece located at or near the geometric center of an 
individual package. 

Experimental Results. Figs. 1 to 8 show the rates of 
freezing of pint and quart packages of the products indi- 
cated. The first part of the curve, from 1 to 2 hr, covers 
pre-cooling to the freezing point, the approximately hori- 
zontal part covers the freezing operation, and the lower 
portion cooling below freezing. 
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Fig. 3 Rates of freezing ‘“Frenched” snap beans in pint and quart 
containers, February 4, 1944. Curves 7 and 8, type a packages, qt; 
curves 1 and 2, type b packages, pt; curves 3 and 4, type d pack- 


ages, pt; curves 5 and 6, type e packages, pt 
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Figs. 1 to 3 do not give the air-blast temperatures dur- 
ing the freezing process, but variations are graphically inc - 
cated in Figs. 4 to 8, inclusive. 

Brussels Sprouts. Quantities of Brussels sprouts, 230 g 
in pints and 520g in quarts, were dry packed. Rates of 
freezing are illustrated in Fig. 1. The quart packages 1-- 
quired one hour longer to freeze than any of the pint 
packages. The pint packages reached OF in approximate'y 
4 hr and the quart packages in 51/, hr. 

Broccoli. The quantities of broccoli dry packed in piat 
and quart packages were 167 and 334 g, respectively. Fig. 
2 shows graphically the rates of freezing; as with Brusscls 
sprouts, the quart containers required one hour longer to 
freeze than the pints. The pint packages reached 0F in 
approximately 31/, hr and the quart packages in approxi- 
mately 41/, hr, or 3/, hr faster than the Brussels sprouts. 

Frenched snap beans. Rates of freezing of “Frenched” 
snap beans, dry packed in quarts and pints, are shown in 
Fig. 3. Each pint container held 198g and each quart 
400 g. As with broccoli and Brussels sprouts, freezing 
quart packages required a greater length of time than the 
pint packages as indicated by curves 7 and 8. All packages 
attained OF before the fifth hour. 

Lima beans. Fig. 4 shows rates of freezing of lima 
beans, dry packed, in pints and quarts, 200 and 400 g each, 
— The quart containers represented by curves 7 
and 8 were frozen last. They were brick shaped as against 
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Fig. 4 Rates of freezing lima beans, dry packed in pints and 
quarts, April 4, 1944. Curves 7 and 8, type c packages, qt; curves 
3 and 4, type d packages, pt; curves 5 and 6, type e packages. pt; 
curves 9 and 10, type b packages, pt 
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Fig. 5 Rates of freezing of diced carrots, dry packed in pints and 
quarts, April 5, 1944. Curve 2, air blast in freezing room; curves 
3 and 4, type b packages, pt; curves 5 and 6, type d packages, pt; 


curves 7 and 8, type e packages, pt; curves 9 and 10, 
type c packages, qt 
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Fig. 6 The rates of freezing of cubed pineapple dry packed in 

pints and quarts, April 6, 1944. Curve 1, air blast temperature; 

curves 2 and 6, type d packages, pt; curves 3 and 4, type b pack- 
ages, pt; curves 7 and 8, type e packages, pt; curves 

9 and 10, type a packages, qt 
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ig. 7 The rates of freezing of spinach, dry packed in pints and 
guarts, April 11, 1944. Curve 5, air blast temperature; curves 
and 2, type b packages, pt; curves 3 and 4, type d packages, pt; 
curves 6 and 7, type e packages, pt; curves 8 and 9, 
type c packages, qt 


(ie quart containers shown in the three previous figures 
which were cube shaped. 


Curve 3, ——- type d package, shown dotted, ap- 
parently records measurements of ‘‘air-space-temperatures’’ 
caused by the dislocation of the thermocouple. Nearly all 
of the packages attained OF in 5Y, hr. 


Curves 1 and 2 show air-blast temperatures measured 
on top of the wooden rack near the freezing packages. 

Diced carrots. Fig. 5 shows the rates of freezing of 
diced carrots, dry packed in pints and quarts filled, re- 
spectively, with 200 and 400 g of the product. Curves 9 
and 10 show the freezing of brick-shaped quart containers, 
type c. The effect of a higher temperature in the freezer 
room, curve 2, which ranged from —4 to + 4F, is definitely 
indicated. This rising temperature was caused by an addi- 
tional load on the refrigerating plant. Even the pint pack- 
ages which were the first to attain OF show rising tem- 
perature after the fifth hour. 


Cubed pineapple. Rates of freezing of cubed pineapple, 
packed dry, is illustrated in Fig. 6. Pints and quarts con- 
tained 250 and 500 g, respectively. The cube-shaped quart, 
curve 9, was last to freeze. All pint packages, except that 
shown by curve 2, attained 0 F before the fifth hour. Maxi- 
mum and minimum temperatures of the air blast during the 
freezing process were —3.5 and —14.5 F. The effect of a rising 
air-blast temperature is shown to have influenced the tempera- 
ture of the frozen packages. 

It is interesting to note that the radius of curvature for 
all these pineapple freezing curves at the time of deviation 
from the freezing zone is much larger than for products of 
higher water content, such as Brussels sprouts, broccoli, and 
snap beans. 

Discrepancies between the freezing rate of the quart 
package, curve 10, and the pint package, curve 2, mle we 
been due to a slight shift in thermocouple location. 


Spinach. Fig. 7 shows the rate of freezing of spinach, 
dry packed, in pint and quart containers, holding 250 and 
422 g, respectively. The air-blast temperature, curve 5, 
varied from —8 to-10F during the freezing process. With 
the exception of the package indicated by curve 6, all pint 
and quart containers attained OF in less than 4 hr. Amaz- 
ingly enough, the quarts, curves 8 and 9, type c packages, 
froze as rapidly as pints, probably as a result of being 
placed in a location on the wooden rack having a higher 
airstream velocity during freezing. 


8s 8 s 8 


Ss 


TEMPERATURE IN DEGREES F 
fe) 


TIME IN HOURS 
Fig. 8 The rates of freezing of cauliflower, packed dry in pints 
and quarts, April 12, 1944. Curve 10, air blast temperature ; curves 
1 and 2, type b packages, pt; curves 3 and 4, type d packages, pt; 
curves 5 and 6, type e packages, pt; curves 7 and 8, type c pack- 
ages, qt; curve 9, type d or e package, pt 


Cauliflower. This vegetable was found slightly more 
difficult to cut into uniform pieces than the others studied. 
The quantities packed in pint and quart containers were 
200 and 400 g, respectively. Rates of freezing are shown in 
Fig. 8 with air-blast temperatures in curve 10. In this ex- 
periment a new type of package was introduced, a brick- 
shaped pint having an inner liner bag of ao paper. 
Its rate of freezing is indicated by curve 9, and all attained 
OF before 51/4 hr, except this package, showing a marked 
effect of package material. 


GENERAL DISCUSSION AND RESULTS 


The observations made in this study are of interest to 
plant managers since the data were collected under practical 
operating conditions. They indicate in a measure how long 
it is necessary for fruit or vegetables to remain in an air 
blast freezer to remove the latent heat from the product. 

Under the conditions of this experiment the precooling 
time to freezing point of the various packages of different 
products varied from 11/4, to 2hr. The actual freezing time 
during which the temperature of the products remained 
nearly constant was from 114 to 4hr, depending on the 
product, type container, and air conditions. Diced carrots, 
the slowest product to freeze, attained OF in 4!/, hr from 
the time they were put in the freezer when packed in pint 
packages. Diced carrots in quart packages, however, required 
2 hr longer to freeze, but broccoli and spinach attained 0F in 
4Y, and 4 hr, respectively. 

Relatively uniform results were not obtained in the 
freezer room, however, as shown by the air-blast tempera- 
tures, Figs. 4 to 8, because of the manually operated fan and 
load variations. Air velocities measured 24 in below the 
ceiling on the top tier of the wooden rack, taken directly 
beneath the fan outlet, were found to vary from 1500 to 
1800 fpm. Air velocity of 400 fpm was found at one end 
of the top tier of the wooden rack. Velocities on the lower 
rack were apparently less. Since no packages were frozen 
on them these were not recorded. There was a noticeable 
velocity variation on the available freezing area of the top 
tier of the wooden rack, and it was not possible to locate 
similar packages on the same exact spots during the differ- 
ent days the studies were carried out; some of the variations 
which are apparent in Figs. 1 to 8 may be, in part, ex- 
plained by that fact. 

In this type of freezing the square feet of surface per 
unit weight of the material (Continued on page 227) 
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Haymaking in the Nebraska Sand Hills 


By L. F. Larsen 


HE sand-hill area represents about a quarter of the 
state of Nebraska, approximately 121/, million acres 
of the north central portion of the state. Being un- 

adapted to cultivation, the land is, for the most part, still 

covered with native vegetation. It is utilized primarily for 
the production of livestock, chiefly cattle. 

The sand hills are often likened to a large sponge which 
will absorb virtually all precipitation as it falls. This vast 
reservoir of water causes many springs which in turn feed 
many of the streams that flow in the state. 

This area is especially suited for the raising of live- 
stock, not only because of the grass that is available, but 
also because water can be provided in practically any pas- 
ture by sinking a shallow well. 

A large percentage of this area consists of dune sand 
which grows only a light covering of grass and can be 
used only for grazing purposes. The meadows provide a 
heavier growth of hay for harvesting, and being inter- 
spersed among the dune sand topography, they furnish 
cattlemen with the necessary feed to carry cattle through the 
winter months. 

Ranches consist of 1000 to 100,000 acres, depending 
upon the location and the wealth of the owner. In the 
heart of this area, ranchers expect to have 10 to 20 acres 

er cow for grazing. If grass is overgrazed the dune sand 
satewed denuded and wind erosion begins. 

The sand-hill rancher usually has good cattle but little 
farm machinery considering the large acreages. His farm 
equipment consists mainly of hay-making machinery such as 
mowers, rakes, stackers, buck rakes, tractors and_ trucks. 
Very little of this equipment other than tractor, truck and 
mower can be purchased commercially. Much of it must 
be made or converted to suit the needs of the rancher. 

Some of the larger operators may have 7 or 8 tractors 
equipped with power mowers. These tractors are seldom 
used for anything else than mowing grass and the mower 
is often not removed from one season to the next. Many 
ranchers use power mowers and pull a trail mower behind. 
One enterprising rancher made a power drive for his trail 
mower for use during the past season. He felt that this was 
a big improvement over the ground driven type. 

Rakes are usually hitched so two or three can be pulled 


This paper was presented at the barn hay-curing conference 
sponsored by the Committee on Hay Harvesting and Storage of 
the American Society of Agricultural Engineers at Lafayette, Ind., 
January, 1946. 


L. F. LARSEN is extension agricultural engineer, University of 
Nebraska. 
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Left: A typical meadow in the sand-hills area of Nebraska, showing stacks of hay ¢ Right: A 30-ft hay rake attached to a tractor. 
a very common sight in the Nebraska sand hills 


together. Many prefer to rebuild rakes entirely, makinyz 
one large 30-ft rake with the tractor carrying the cente 
It is quite common to see auto spindles and hubs used 
place of regular axle and hub. The trip catch for dumpi: 
is then no longer used, and a hydraulic brake is used fro 
the auto wheel. This makes smoother operation at high 
speeds. 

Buck rakes are built on either tractors or trucks. Ma y 
ranches are located far from town and cannot convenient y 
go to the local shop for repair work. Ranchers try to make 
themselves as self-sufficient as possible with good shops ard 
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welding equipment, for many times during bad weath: 
it is impossible to travel far except by horseback. Hayir 
usually begins in July and ends in ——— Ranches 
put their equipment in good working order during the win- 
ter months to prevent costly failures during hay harvest. 

Very few buck rakes have power lifts but are built as 
simply and ruggedly as possible. It is not uncommon ‘to 
see 4x6-in lumber used for buck rake teeth. The buck rakes 
are nearly always mounted on the rear of the tractor or truck 
with differential gears turned over to give the higher speeds 
when traveling backward. Tractors or trucks equipped with 
buck rakes are seldom used for any other purpose. A heavy- 
duty truck is preferred to a smaller truck or car chassis. 

Stackers are mainly of the slide type. They are built 
of heavy timbers to withstand hard usage and are generally 
built on the ranch. Because of the weight it is never neces- 
sary to stake them down as is customary with smaller, light- 
weight stackers. The slide stacker is preferred because it 
has few moving parts, is simple, yet rugged enough to resist 
breakage. 

Backstops and cages are almost always used to help in 
forming stacks and save many man-hours during the hay- 
ing season. Where it was formerly necessary to have two men 
on the stack it is now possible for one man to do the work 
easily when backstops are used. In some cases the one man 
on the stack also operates the stacker by a tractor power- 
lift control made from an auto rear end. The control is 
arranged so that the man on the stack can reach it at all 
heights of the stack. 

During last season the author visited a large hay-making 
crew where 8 mowers were operating continually. An entire 
camp had been set up near where the hay was being 
stacked. This camp provided complete repair service with 
standby equipment ready to go into instant use. A com- 
plete mess hall and bunk houses were on wheels. Two 5- 
ton International trucks with shortened wheelbase wre 
used to buck hay to a slide stacker. A new stack of «p- 
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proximately 8 tons was set up every 15 minutes, which in- 
cluded time for moving and resetting the stacker. 


After the haying season is over many ranchers like to 
group stacks together in a ‘‘stack farm”. This is for con- 
venience in loading and also to eliminate need of fencing 
each stack individually to keep cattle away. Stacks can be 
moved by either of two methods. The first is to hitch a 
crawler type tractor to the stack by means of a chain about 
the stack and slide the stack across the hay meadow. The 
other common method is to pull the entire stack onto a 
large trailer by the use of chains and move it to the desired 
location. These large trailers are standard equipment for 
hauling hay to the meadow where the cattle are fed during 
the winter months. 


Freezing Rates of Foods in a Locker Plant 
with Direct Air Blast 


(Continued from page 225) 


packed in a container should show up as an advantage, but 
this did not always prove true. 

This variability of the results is sure to raise questions 
in the minds of engineers designing plant equipment. They, 
however, can form a guide enabling the engineer to better 
exercise judgment in the selection of equipment. It seems 
obvious that, if an air blast of known uniform velocity and 
){ suitable uniform low temperature could be directed at 
a given area at will, much better control of freezing rates 
than is herein reported would result. Furthermore, it also 
is apparent that this factor of air motion must be brought 
under control before any standard can be set up for the 
measurement of air-blast freezing efficiency. 


AuTHor’s Note: The author gratefully acknowledges the tech- 
nical assistance of Miss Mary Wylie, graduate student in the de- 
partment of home economics at Pennsylvania State College. 
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Improved Manure Loader Design Needed 
To THE Eprror: 


ATELY manure loaders have begun to occupy an import- 
ant place in the farm equipment picture. The advertise- 
ments usually show them attached to the front end of a 
general-purpose tractor; also, they are shown loading gravel 
or dirt and for handling bales of hay or straw and bundles 
in the harvesting of grain. 

Recently a farmer demonstrated his loader to me. First 
he ran the loader into the manure pile, picked up a scoop- 
ful (perhaps 400 or 500 Ib), and elevated it on to the 
spreader. But when he moved up closer to the pile to take 
another scoopful, the front wheels of the tractor went down 
into the muck out of sight, and the outfit had to be pulled 
out with another tractor. Another farmer in demonstrating 
his loader to me tipped the outfit over in moving the load 
on to the spreader. 

All this makes me wonder how much thought has been 
given to the fundamentals of design in the development 
and application of this equipment. Here is a device built 
and sold to farmers for about $300 which puts the load on 
that part of the tractor least able to carry it; in fact, the 
front end of most general-purpose tractors was never de- 
signed to carry such loads. Also, I wonder if any thought 
was given to the safety of the operator in putting such a 
heavy load on the front of a g-p tractor. 

It seems to me someone could take an ordinary manure 
spreader equipped with power take-off, and at an additional 
cost of around $75 to $80 provide a means for loading, so 
that the spreader could be backed into a manure pile and 
load itself in 3 or 4 minutes. Such a machine would be 
less hazardous for the operator, and the spreader would be 
backed into the soft ground around the manure pile while 
the tractor would remain on firmer ground. 
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Upper left: A common type of buck rake used in the Nebraska sand-hill country. The teeth in the rake are made from 4x6-in 
picces. The tractor is used exclusively to buck hay * Upper right: This picture shows a slide-type stacker with a backstop and a cage 
— for forming the stacks ¢ Lower left: A large stack loaded on a slip or hay wagon for transporting. The stack was put on the slip 


with a tractor-powered winch @ Lower right: A view of the slip used for hauling stacks. It is about 16x24 ft in size and can easily 
haul a 7 or 8-ton stack 
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HE water discharged from so-called alfalfa and 
orchard valves in concrete pipe irrigation systems 
can seldom be metered satisfactorily either before or 
after emergence from the valves. Recent research at the 
Irrigation Division Laboratory of the University of Cali- 
fornia at Davis provides data covering the operation of a 
float meter (Fig. 1) and ges measuring the instan- 
taneous flow from 8, 10, and 12-in valves of these types. 

Six variables cover the behavior of such a float, namely, 
(a) diameter of the valve, (b) weight of the float as- 
sembly, (c) flow rate, (d) submergence, or (e€) non-sub- 
mergence of the discharge face of the valve, and (f) 
measured lift of the float. 

Diameter is a constant for any given valve size. Weight 
of the test float can be increased through any desired range 
above the minimum assembled weight by adding incre- 
ments of weight. Flow variations can be measured and 
controlled in calibrated equipment in the laboratory. The 
condition of submergence or non-submergence is a matter 
of observation either in the laboratory or in the field, and 


This paper was prepared expressly for AGRICULTURAL EN- 
GINEERING. 

C. N. JOHNSTON is assistant professor of irrigation and asso- 
ciate irrigation engineer in the California Agricultural Experiment 
Station. 
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Fig. 1 Field installation of float meter at concrete pipe riser 
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Fig. 3 Lift-discharge curves for 12-in float meter with no sub- 
mergence (upper curve) and submersion (lower curve). Points 
plotted from typical test data 
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the measured lift of the float determines the flow rate for 
any given set of conditions. Float sizes correspond to valve 
sizes, thus an 8-inch valve is covered by an 81/4-in diameter 
float; a 10-in valve by a 101/-in float, and so forth. 
Returning to Fig. 1, the procedure for obtaining meas- 
ured lift and for observing submergence conditions can be 
explained. Flow has begun in the figure and is assumed 
steady. The water level (right) has risen above the top of 
the valve at the crest of the concrete pipe riser, the dis- 
tance labelled submersion (right). On the left, the scaic 
has been raised so it just contacts the water level (of thc 
pond). This places the bottom of the scale the distance of 
the submergence above the leveling stake (left). The 
pointer is shifted along the scale so it is level with the bot- 
tom of the float. This shift of the pointer is the net lift 
of the float above the pond (water level) which equals 
gtoss lift (above the valve face) less the submergence. This 
is the value for lift to be read when there is submergence. 
When the water gets away, there is no submergence and 
the water level is below the leveling stake (left). The basic 
zero level becomes that of the upper face of the valve (or 
top of the leveling stake). Placing the bottom of the scale 
on the top of the leveling stake, the necessary shift of the 
pointer needed to place it opposite the bottom edge of the 
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Fig. 2 Lift-discharge curves for 8-in float meter with no submcr- 
sion (upper curve) and submersion (lower curve). Points plot'<d 
from typical test data 
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Fic. 5 Correction curve for use with -10-in float meter when sub- 
m«: gence is below the minimum required for strictly submerged 
cor ditions. It shows .a tendency for partial submergence to shift 
quantity reading from non-submergence curve toward 
true submerged curve 


flout measures the net lift of the float for the test. Data 
from a typical test are shown in table below. 

On the basis of these data, if the flow caused a 2.44-ft 
head (line 1) at the water manometers registering loss 
through the 8-in flow nozzle (4-in throat), then 1.118 cfs 
were passing, and when the float had been weighted by 
adding lead disks to a total of 1398.8 g, the gross lift read- 
ing was 0.536 ft. There was a zero lift constant (or zero 
reading error) of 0.2 ft, so the gross lift actually was 0.336 
ft. The submergence for 1.118 cfs flow was 0.158 ft (last 
column), so the net lift of the float was 0.178 ft. Similar 
tests carried the three sizes of float through a series of 
weights and flows with and without submergence. The de- 
gree of submergence was controlled in part by the number 
of 114-in wide-flow obstructing sticks located in the escape 
part of the basin about the valve. In the test given, three 


TEST OF 8-INCH FLOAT METER (May 2, 1945) 
(Three sticks in outlet of pond to raise water level) 
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Fig. 6 Correction curve for use with 12-in float meter when sub- 
mergence is below the minimum required for strictly submerged 
conditions. It shows a tendency for partial submergence to shift 
quantity reading from non-submergence curve toward 
true submerged curve 


sticks were employed. No sticks would assure no submer- 
sion in the setup. 

Figs. 2 and 3 present the net lift — the Q relationship 
for 8-in and 12-in disks weighing 3.909 lb and 0.969 lb, 
respectively, for both submergence and non-submergence. 
The weights in pounds were obtained by conversion of 
grams to pounds. 

Each figure has two well-defined curves. The upper 
curve located by the cross marks represents no submersion. 
The circled dots and squared dots represent two degrees of 
submersion and the triangular dots a third submersion con- 
dition. The triangular dots wander from the no-sub- 
mergence curve at the left to the submerged curve at the 
right. The reason they do is that the degree or depth of 
submergence for this two-stick test ranged from none at 
low flows to about an inch at higher rates. The path of the 
triangular dots represents a 
transition from non -submerg- 
ence to submergence. They pro- 


Head on Gross lift of disk in feet when it weighs vide a means for correcting 

8-in the indicated grams readings taken when submerg- 

a Q (Zero sap ene = 0.2 ft) Submergence ence is below some minimum. 

ve — Figs. 4, 5, and 6 cover the an- 
ft cfs 216.8 += 551.6 = 896.2, 1249.2. 1398.8 1772.3. 2188.5 in ft ae gees 


2.44 1.118 0.682 0.641 0.601 0.560 0.536 0.484 
2.18 1.035 0.627 0.582 0.542 0.505 0.483 0.444 


1.84 .967 0.551 0.516 0.484 0.440 0.420 0.393 
1.56 893 0.478 0.443 0.414 0.385 0.372 0.358 
1.38 845 0.418 0.392 0.376 0.356 0.348 0.330 
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float size, but a reasonably accurate curve can be drawn 
affording a correction that will bring the results to near 
exactness. The intersection of these curves with the hori- 
zontal 100 per cent line indicates the minimum depth for 
true submergence. For the 8-in floats, this is about 1% in; 
for the 10-in, about 2% in; and for the 12-in, about 27% in 
If in the field damming of the flow will raise the submer- 
gence above their respective minimums, no correction is 
used. If the submergence cannot be changed, a correction 
is provided on the chart corresponding to the float size in 
use. Any submergence above the respective minimums 
follows the general submergence curve. 


The application of data from the complete group of 
submerged and non-submerged curves obtained from graphs 
similar to Figs. 2 and 3 is to be found in Fig. 7 for the 
8-in float, in Fig. 8 for the 10-in, and in Fig. 9 for the 
12-in. The lettered numbered figures portray the conditions 
for submerged flow, and the numbered figures the cor- 
responding performance for non-submerged flow. The 
sloped lines represent constant quantity in cubic feet per 
second. Their use may be illustrated by the following 
example: 12-in float meter weighing 4.5 lb; submersion, 
0.105 ft (this is below the minimum) ; net lift read above 
water level, 0.125 ft = 1.5 in. 

From Fig. 9 (submerged), if the lift is 1.5 in and the 
weight is 4.5 lb, the flow should be about 2.6 cfs for sub- 
mergence. From Fig. 9 (non-submerged), and the same 
lift above the water level, the true net lift equals 1.5 in = 
0.125 ft plus 0.105 ft, the partial submergence, equals 0.23 
ft, and the weight remaining the same, the flow should be 
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Fig. 9 Discharge rate 
curves for a range of com- 
binations of 12-in float lift 
and weight with no sub- 
mergence (left) and with 
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2.04 cfs for non-submerged conditions. 


The operation so far has been based on the assumption 
that flow was either submerged or non-submerged. The 
steps undertaken would be followed if either condition 
prevailed and a correct value would result. Because ‘he 
submergence is below the minimum specified above, the 
flow is neither truly submerged nor non-submerged, ut 
somewhere between. It is necessary to turn to the com cr- 
sion curve (Fig. 6) for this size float to correct for ‘his 
condition of submersion below the minimum. It is fond 
that a submersion of 0.105 ft requires a shift of non-sub- 
merged values over toward submerged values in the am. int 
of 60 per cent. Values obtained: non-submergence, 2.0-' | is; 
submerged, 2.6 cfs; difference = 0.54 cfs; 0.60 X 0.5. = 
0.324 cfs = correction. The true flow = 2.04 X 0.32) = 
2.364 cfs. This is accurate within a small percentage. 

The detail of Fig. 1 is typical of a field install::on 
rather than of the laboratory test. Some provision would 
have to be made in the field to quiet the water level « \\a- 
cent to the bottom of the scale by use of a metal or ear cn 
dam. The float can be made of any material (plywood. 
sheet iron, plank, and so forth). The guide rod sli 'd 
be at least 1/, in outside diameter and the guide tube shov'd 
fit it loosely. They both are best made of brass. The ':t- 
measuring scale, pointer, and so forth is a suggested \s- 
sembly subject to local improvisation. The guide rod » is 
centered in an old piece of threaded alfalfa valve stem ‘9 
the laboratory and could be moved from valve to valve 3s 
the three sizes were tested. In general it is desirable ‘o 
make the float as light as possible. 
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THE A.S.A.E. ANNUAL MEETING 
Hotel Jefferson, St. Louis, Mo. — June 24 to 26, 1946 


HE PROGRAM and other arrangements are practically complete 

for what promises to be the best attended and most significant 
meeting in the history of the American Society of Agricultural 
Engineers. This meeting is the Society's regular annual meeting to 
be held at the Hotel Jefferson in St. Louis, Mo., June 24 to 26. 


Saturday, June 22. A premeeting attraction of interest espe- 
cially to those engaged in educational work is the special agricul- 
tursl engineering program to be presented by the Society for the 
Promotion of Engineering Education in connection with its annual 
meeting to be held at the same place, June 20 to 23. This pro- 
gram is scheduled to begin with a luncheon at noon on Saturday, 
June 22, in the Hotel Jefferson, and will be followed by an after- 
noon conference on the general theme “Engineering in Agricul- 
ture.” Three addresses are on the program of this conference: 
Mccting the Engineering Needs of Agriculture, by A. W. Turner; 
The Value of Accrediting Engineering Curriculums, by Dr. D. B. 
Prentice, chairman, E.C.P.D. Committee on Engineering Schools; 
and Industry Requirements for Professional Agricultural Engi- 
necrs, by J. D. Long, president of A.S.A.E. Following scheduled 
discussions of these papers by one or two deans of agriculture and 
several agricultural engineering educators, the session will be 
thrown open for general discussion of those present. 


Sunday, June 23. Meetings of the A.S.A.E. Council and Cabinet 
wil! be held during the forenoon and afternoon of Sunday, June 23. 
Recistration for the meeting will begin at 3:00 p.m. on the mez- 
zanine floor of the Hotel Jefferson. An interesting program of en- 


tertainment is being provided for Sunday evening for those who 
arrive that day. 


Monday, June 24. Three concurrent programs are scheduled 
for the forenoon of Monday, June 24: Farm Structures, Power and 
Machinery, and Soil and Water. 

The Farm Structures program will include a symposium on con- 
ditioning high-moisture corn, in which H. J. Barre of Purdue Uni- 
versity, and W. V. Hukill, C. K. Shedd, and Thayer Cleaver, 
USDA, will participate. S. A. Witzel and Dr. E. E. Heizer, Uni- 
versity of Wisconsin, will present a 5-year summary of the Wis- 
consin research dairy barn project; S. M. Henderson, lowa State 
College, will present a paper on negative radiation and its rela- 
tion to farm building design, and Dr. Samuel Brody, University of 
Missouri, and J. R. McCalmont, USDA, will discuss the new 
animal psychro-energetic laboratory being set up at the Missouri 
Agricultural Experiment Station. A preview of new developments 
in farm structures design, equipment, and materials is also sched- 
uled for this session. 

The Power and Machinery program will open with a paper on 
tillage practices for corn by R. A. Norton and G. M. Browning, 
SCS, USDA, and E. V. Collins, lowa State College. Leonard W. 
Kephart, senior agronomist, USDA, will present a paper on weed 
control with chemicals, and a paper on the drifting of poisonous 
dusts applied by air planes and land rigs will be presented by Dr. 
F. A. Brooks, University of California. 

The Soil and Water program will include a paper on pre- 
cipitation-evaporation indices by Wendell C. Munson, BAE, USDA, 
and a paper on an analysis of runoff data by D. B. Krimgold, soil 
conservationist, USDA. Part of the program of this session will 
be devoted to a symposium sponsored by members of the Missouti 
Terracing and Conservation Contractors Association. 

The first general session of the meeting is scheduled for 2:00 
p.m. on Monday, June 24. The features of this program include 
the President's annual address by J. Dewey Long, director of edu- 
cation and market research, Douglas Fir Plywood Association; an 
address on the USDA agricultural research program by Dr. W. V. 
Lambert, assistant administrator, Agricultural Research Adminis- 
tration, and an address viewing the future of the agricultural engi- 
neering field by Dr. J. B. Davidson, Iowa State College. 

The regular A.S.A.E. annual business meeting will follow the 
afternoon program. 

_ Members of A.S.A.E. student branches attending the meeting 
will be entertained at a dinner at 6:00 p.m. (June 24), as guests 
of the International Harvester Co. A series of committee and other 
group round tables is scheduled for 8:00 p.m. the same evening, 
and thus far include the following: Rural Electric Division, Com- 


mittee on Research, Committee on Extension, and the A.S.A.E. 
Student group. 


Tuesday, June 25. The forenoon of Tuesday, June 25, will be 
devoted to three concurrent programs: Power and Machinery, Soil 
and Water, and Farm Electrification. 

Trends in power controls for farm machines will be the ex- 
clusive topic for the Power and Machinery program, with a paper 
on the subject by W. A. Harper followed by a panel discussion, 
with engineering department representatives of tractor and farm 
machinery manufacturers constituting the panel. 

Four papers are scheduled for the Soil and Water program as 
follows: Wartime drainage in England, by Elmer W. Gain, asso- 
ciate drainage engineer, USDA; experimental work in land grading 
for drainage, by I. L. Saveson, project supervisor, USDA; tests for 
development of an automatic drainage gate by S. H. Anderson, 
hydraulic engineer, USDA; water application efficiency in irriga- 
tion, by Dr. O. W. Israelsen, Utah Agricultural Experiment Sta- 
tion, and sprinkler irrigation by G. H. Bliesner, State College of 
Washington. 

The principal feature of the Rural Electric program will be a 
paper analyzing types of fans for mow hay curing by Thomas 
Cranage, district sales manager, Clarage Fan Co., followed by a 
panel discussion with representatives of fan manufacturers consti- 
tuting the panel. There are two other papers scheduled for this 
session, one on problems arising from large loads of short dura- 
tion by H. J. Gallagher, Consumers Power Co., and the other on 
moisture losses of vegetables during steaming, quick freezing, and 
packaging by John E. Nicholas and three members of the home 
economics department of Pennsylvania State College. 

The second general session of the meeting will be held at 2:00 
p.m., Tuesday, June 25, and will include two addresses, one on the 
Missouri Valley Plan by Dr. H. L. Walster, dean of agriculture, 
North Dakota Agricultural College, and the other on engineering 
implications in agricultural industries and services by Dr. Paul W. 
Chapman, dean of agriculture, University of Georgia. 

For the evening of June 25, provision is made for all those 
attending the meeting, who may care to do so, to attend an opera 
performance at the St. Louis Municipal Open-Air Theater. 


Wednesday, June 26. Three concurrent programs are scheduled 
for Wednesday forenoon, June 26: Power and Machinery, Farm 
Structures, and Rural Electric. 

The Power and Machinery program will open with a paper 
on farm mechanization, by Nils Berglund, director of the Swedish 
Institute of Agricultural Engineering, and the remainder of the 
period will be devoted to a symposium on the mechanization of 
sugar beet production, the scheduled speakers for which include 
S. W. McBirney, senior agricultural engineer, USDA; E. M. Mer- 
vine, agricultural engineer, Colorado State College; Claude Walz, 
chief engineer, John Deere Wagon Works; C. E. Guelle, Inter- 
national Harvester Co., and W. E. Urschel, Urschel Laboratories, Inc. 

The Farm Structures program will open with a paper by 
Wallace Ashby, head of the farm buildings and rural housing sec- 
tion, USDA. Additional numbers include a report on the State of 
Washington farm structures research program by L. J. Smith, State 
College of Washington, a farm structures plan service, by J. L. 
Strahan, Flintkote Co., regional coordination of farm buildings pub- 
lications, plans and research by Henry Giese, Iowa State College, 
and agricultural engineering opportunities in farm management con- 
sultation by George R. Shier, consulting agricultural engineer. It 
is also expected to have a report at this session on the status of 
pending legislation affecting farm structures. 

The Rural Electric program will open with a report on a 
state-wide farm electrification program by Morris H. Lloyd, Buf- 
falo-Niagara Electric Corp., and the remainder of the session will 
be devoted to a symposium on electric welding on the farm with 
the following speakers listed: Hobart Beresford, University of 
Idaho; H. H. Beaty, Iowa State College; Delmar Bott, Madison 
County, Illinois, farmer; J. P. Doughlin, Westinghouse Electric 
Corp., and Frank Straight, General Electric Co. 

The afternoon of Wednesday, June 26, will be given over to 
two concurrent programs; a Soil and Water program and a joim 
Farm Structures, Rural Electric, and Power and Machinery pro- 
gram. 

The Soil and Water program will include the following papers: 
Agricultural engineering problems in watershed planning by A. W. 
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aerial mosaics and maps in upstream engineering, by K. M. Wood, 
chief, regional cartographic division, USDA; the agricultural engi- 
neer’s place in the Missouri Valley development by Ivan D. Wood, 
USDA;; and the effects of land use practices on water conservation 
and crop yields, by I. W. Bauer, SCS, USDA. 

The joint Farm Structures, Rural Electric, and Power and Ma- 
chinery program will open with a paper on coordinated design 
of structures and farmstead for improved efficiency by W. R. Peter- 
son, resident engineer of International Harvester Company's experi- 
mental farm. This will be followed by a paper on the agricultural 
engineering phases of farm work simplification, following which 
there will be a panel discussion on the subject with a group of 
agricultural engineers selected to constitute the discussion panel. 
The session will close with a paper on engineering farm chores by 
Dawson G. Womeldorff, Public Service Co. of Northern Illinois. 

The A.S.A.E. annual dinner, the real high point of the annual 
meetings of the Society, will be held at 6:30 p.m., on Wednesday, 
June 26, with Paul M. Mulliken, executive secretary, National Re- 
tail Farm Equipment Association, as master of ceremonies. Follow- 
ing the dinner and the presentation of A.S.A.E. medals and paper 
awards by Society President J. D. Long, there will be an address 
by Arthur C. Horrocks, director of public relations, Goodyear Tire 
& Rubber Co. Following Mr. Horrocks’ address and the inaugura- 
tion of the new president of the Society, Dr. Mark L. Nichols, 
assistant chief (in charge of research), Soil Conservation Service, 
USDA, an excellent program of entertainment has been arranged 
by the Committee on Local Arrangements. 


Thursday, June 27. Following the meeting on Thursday, June 
27, optional sight-seeing and inspection trips of recreational and 
agricultural engineering interest are being arranged for by the Com- 
mittee on Local Arrangements and other Society members in Mis- 
souri. One of these will be a trip to the farms of the Ralston 
Purina Co., which will include a privately conducted inspection 
tour of the farms and a complimentary luncheon to those at- 
tending. 

Copies of the program of the meeting and other information 
may be had by writing A.S.A.E. headquarters at St. Joseph, Mich. 
Requests for hotel reservations should be made direct to the Hotel 
Jefferson at St. Louis, and attendance at the A.S.A.E. meeting 
should be specified, as well as expected time for arrival, in asking 
for hotel reservations. 


Rural Electric Institute Held at Amherst 


HE seventh New England Rural Electrification Institute was 

held at Massachusetts State College at Amherst, April 15 to 18, 
under the sponsorship of the farm electric service committee of the 
New England Council. 

Subjects featured included service, wiring, motors, milk coolers, 
refrigeration, water supply systems, irrigation, power ventilation, 
milking machines, sterilizers, water heaters, welding, hay finishing, 
poultry applications, selection of farm equipment, extension, eco- 
nomics of rural electrification, and viewpoints on rural electrifica- 
tion. 

Members of the American Society of Agricultural Engineers 
contributing to the Institute program in cluded F. L. Rimbach, 
chairman of the sponsoring committee, C. I. Gunness, W. T. Acker- 
man, J. H. Bodwell, G. E. Mullin, H. N. Stapleton, G. M. Foulk- 
rod, W. C. Harrington, G. L. Munroe, M. S. Klinck, Geo. W. 
Kable, Geo. A. Rietz, R. J. Bugbee, R. C. Proctor, A. H. Hemker, 
A. W. Turner, T. E. Hienton, F. E. Watts, N. D. Herrick, H. S. 
Smith, and E. W. Foss. 


New Staff Members at Georgia 


HE agricultural engineering department of the University of 

Georgia announces the appointment of several new staff mem- 
bers as follows: J. W. Simons, research professor of farm struc- 
tures and utilities (cooperative with USDA); W. J. Liddell, re- 
search assistant professor of drainage and irrigation (cooperative 
with USDA); Lee D. Dumn, research associate in drainage and 
irrigation (cooperative with USDA); W. D. Kenney, research 
assistant in farm power and machinery; F. A. Sheriff, research 
assistant in irrigation, and R. R. Harris, assistant professor of farm 
shop and agricultural educational relations. 


Recently W. E. Hudson, associate professor of farm structures 
and utilities, and Drayton T. Kinard, research associate professor 
of rural electrification, returned to the staff following an absence 
on account of military service. : 


Resignations of former members of the staff are also announced, 
as follows: F. B. Lanham, who has entered the wholesale hardware 
and building materials business at Bainbridge, Ga., and J. L. 
Shepherd, who has taken a post as agricultural engineer at the 
Coastal Plain Experiment Station, Tifton, Ga. 
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A.S.A.E. Officers for 1946-47 


S THE result of the regular annual election of officers of the 
American Society of Agricultural Engineers conducted re. 

cently by letter ballot, the following have been elected and will 
take office at the annual meeting of the Society at St. Louis in 
June: 

President—Dr. Mark L. Nichols, assistant chief (in charge of 
research), Soil Conservation Service, U. S. Department of Agri- 
culture. 

Councilors (three-year term each), C. N. Hinkle, agricultural 
engineer, Standard Oil Company of Indiana, and P. T. Montfort, 
in charge of rural electrification, agricultural engineering depart- 
ment, A. & M. College of Texas. 

The new Council of the Society for the year 1946-47 will in- 
clude the above-named officers together with the following: R. H. 
Driftmier and J. D. Long, past-presidents; and F. E. Price, D. A. 
Milligan, W. J. Coultas, and Henry Giese, councilors. 

The newly elected Nominating Committee of the Society consists 
of A. J. Schwantes (chairman), I. P. Blauser, and R. C. Hay. 
Members of the Society are invited to send any member of the 
Nominating Committee such suggestions as they may have for 
nominees for the elective offices of the Society in the next annual 
election, to be held early in 1947. 


Beresford to Iowa; Davidson to China 


fg er eee to announcement from Iowa State College, Hobart 
Beresford has been named professor and head of the agricul- 
tural engineering department at that institution, effective July ist. 

Professor Beresford is a native of Iowa, an agricultural-engi- 
neering graduate of lowa College in 1924, and has been head of 
the department of agricultural engineering at the University of 
Idaho for the past several years. He succeeds Dr. J. B. Davidson 
who has been head of the agricultural engineering department since 
1907, with the exception of four years spent at the University of 
California. Dr. Davidson's retirement as department head is in 
agreement with the general policy of the Iowa State Board of 
Education that college administrative duties be relinquished at 65 
years of age. Actually, he has continued his duties for a year after 
the normal retirement age during the difficult war years. 

Dr. Davidson will continue his activities at Iowa State College 
as professor of agricultural engineering. He has been granted a 
leave of absence for a year, during which time he will serve as 
chief engineer of the department of agricultural engineering, Agri- 
cultural Research Bureau, Chinese Ministry of Agriculture and 
Forestry. In this capacity he will act as chairman of a group of 
four American agricultural engineers to carry on experimental and 
demonstrational activities in China using American production 
techniques. He plans to leave the United States on August 15. 
His appointment by the Chinese government is made possible by a 
special grant of funds to the Chinese government by the Interna- 
tional Harvester Company. 

Dr. Davidson came to Iowa State College in 1905 as professor 
of agricultural engineering and was instrumental in establishing 
the first four-year curriculum in agricultural engineering. He be- 
came head of the department in 1907 and served in that capacity 
until 1915 when he accepted a similar position at the University 
of California. He returned in 1919 to again become head of the 
department. 

In testimony as to the strength of the agricultural engineering 
department developed under Dr. Davidson's guidance is the fact 
that eighteen of his former students are now heads of agricultural 
engineering departments in other universities and colleges. 

During the war years, Dr. Davidson served as a consultant to 
the War Production Board on production and rationing of farm 
machinery and also as a consultant to the United Nations Relief 
and Rehabilitation Administration He was the first president of 
the American Society of Agricultural Engineers, and in 193? the 
Society awarded him the Cyrus Hall McCormick Gold Meda’ for 
distinguished service in agricultural engineering. 

In his duties as department head at the University of Ic 2ho, 
Professor Beresford has been in charge of agricultural enginecring 
research for the Idaho agricultural and engineering experient 
stations and director of research for the Idaho Committee on the 
Relation of Electricity to Agriculture. 

He is a Fellow of the American Society of Agricultural Fngi- 
neers, a member of the Society for the Promotion of Enginee ing 
Education, the American Association for the Advancement of 
Science, and the Idaho Chapter of Sigma XI. He received the pro- 
fessional agricultural engineer degree from Iowa State College 
in 1941. 
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| ‘Its rotting on the stalk, 
‘| think we can save it” 


¢ | ast fall Bruce Armstrong’s 500 acres of 
cotion had set a wonderful crop. 


!'e figured to pick better than a bale to 
the acre. 


‘The bolls were about ready to pop when 
the rains came. Then, instead of opening, 
the, began to rot. It had been a pretty 
rai'y summer, so the cotton had put on a 
lot of extra leaf-growth. And the dense 
foliage kept it from drying out. 


truce Armstrong was really worried 
when he called the County Agricultural 
Agent and asked him to take a look at his 
cotton, The County Agent came right out 
and he and Bruce examined each field. 


“{ believe itll pay you to have it dusted 
by plane with calcium cyanamid right 
away,” the County Agent said. “It’s a new 
and fairly cheap chemical that takes the 
leaves off so the bolls can get light and air. 
I've seen it used. It stops the rot and 
makes cotton open.” 
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ALL ELECTRIC MOTORS NEED THIS 
INEXPENSIVE STARTING SWITCH 


An electric motor doesn’t know when it’s had 
enough. 


Give it too much to do, too often or for too 
long, and it may burn itself out. For it will keep 
on trying to do the job. 


That’s why every motor you use doing farm 
work needs the protection of a starting switch. 


If you overload a motor equipped with this 
simple, inexpensive G-E starting switch, the 
device stops the motor before it’s damaged. Then, 
you can reduce the load and start the motor 
again, just by flicking the switch off and then on. 


And using a switch is also handier than using 
an outlet plug to start and stop a motor. 
There is a G-E control providing overload 


Protection, for every size motor you use on 
the farm. 


Make sure that the motors you use and the 
appliances you buy are protected against over- 
load damage with G-E motor control. General 
Electr: Company, Farm Industry Diwvision, 


Schenmctady 5, N. Y. 
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That night Bruce called a 
dusting service over at Mound 
City and made arrangements 
to meet the pilot in the pas- 
ture strip across the road from 
his place early the next 
morning. 


Us 
Y 


The plane dusted the 500 


acres in about an hour. In Sgg@@ecs 


less than 10 days, you could 
hardly find a green cotton leaf on the 
whole place. 

Bruce Armstrong started picking on 
schedule. He got his bale to the acre and 
more. His cotton ripened so fast that he 
picked the whole crop in one picking. 

Defoliating his cotton worked so well 
that Bruce told the County Agent he’s 
going to do the same thing this year, even 
though the season is drier. 

“It’s a good way to make sure you're 
going to harvest all of a crop that you’ve 


Electricity on the farm can make life more pleasant 


and work easier. 


lf you don’t have electricity, get in touch with the 
electric service supplier in your area. 


oe 
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You can cut milking time in half with an electric 
milking machine, and at a cost of only a few 
cents a month per cow. 


And think of the relief you'll get from the 
daily drudgery of hand milking! 


Take a look at today’s electric milkers. They're 
far superior to early models. And pay particular 
attention to the motor on the machine you buy. 
Make sure that it’s driven by a G-E motor. G-E 
capacitor motors, specially suited to milking- 
machine operation, have proved their reliability 
and long life in thousands of these laborsaving 
machines over a period of many years. 


The Modern Farm is an Electric Farm ! 


worked hard to grow,” said the County 
Agent. 

“And getting advice from the County 
Agent is a good way to make sure that 
you're farming right,” said Bruce Arm- 
strong. 


All over the country, farmers are getting 
help from their County Agents that makes 
farming better and easier. 


Another thing that good farmers are 
doing to farm better and easier is to make 
full use of electricity. 


out of it by making it do more jobs for you. 


To help build up modern farms electrically continues 


to be the job of the G-E Farm Industry Division. 
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An electric milk cooler provides the cheapest, 


most convenient, and most dependable way to 
cool milk. 


It reduces the temperature to discourage bac- 
teria growth that might spoil your chances of 
getting top price. And it will keep your milk at 
the right temperature automatically, at a power- 
cost of only a few cents for 40 quarts of milk. 


When you buy a milk cooler, make sure that 
it is equipped with a sturdy, dependable G-E 
motor and G-E control. The G-E monogram is 
your assurance of long-lasting, attention-free 
service, day in and day out. 


MORE POWER TO THE AMERICAN FARMER 


GENERAL & ELECTRIC 


669-29-155-8709 


If you already have electricity, get your full value 
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Personals of A.S.A.E. Members 7 


Donald A. Anderson is engineer and chief of the inspection de- 
partment, Refrigeration Division, Lehigh Foundries, Inc., | an- 
caster, Pa. 

H. R. Ball is senior clerk and assistant to the stock supery sor 
at the Quincy, Ill., plant of the International Harvester Co. 

J. Reid Bishop is now located at Granville, Ill., as associate 
engineer appraiser for the Federal Land Bank of St. Lou's. 

Thayer Cleaver was recently released from military service ana 
has returned to his position as assistant agricultural engineer in 
the Division of Farm Structures and Rural Housing, BPISAE, L. S. 
Department of Agriculture. He is located as formerly at the (ni- 
versity of Illinois and is engaged on corn storage investigations 

Paul C. Dillon, who served as a captain in the 271st Cavalry 
during the war, is now out of the service and is employed as a 
blockman out of the Sweetwater (Texas) branch of the Int-rn:- 


= Fs tional Harvester Co. His territory covers eight countics o/ 


When you lose natural equilibrium from 
an atom of U235—you i 


est 
Texas. (Continued on page 236) 
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Applicants for Membership 


The following is a list of recent applicants for membership i. the 
American Society of Agricultural Engineers. Members of the Socie.\ are 
urged to send information relative to applicants for consideration o! the 
Council prior to election. 


Richard N. Allen, assistant agricultural engineer, Soil Conser- 
vation Service, USDA. (Mail) Box 39, Checotah, Okla. 

Milo F. Arms, graduate student, agricultural engineering de- 
partment, University of Nebraska, Lincoln, Neb. (Mail) 4121 
Starr. 

Clarence I. Branton, agricultural engineer, Bureau of Plant In- 
dustry, Soils, and Agricultural Engineering, USDA. (Mail) Cor- 
vallis, Oregon. 

Gerald W. Crowthers, rural representative, The Ohio Power Co. 
(Mail) 120 North Fourth St., Coshocton, Ohio. 

Joseph S. Gelders, agricultural engineering division, University of 
California, Davis, Calif. (Mail) 4181/ Second St. 

Harris M. Gitlin, 478 Welch Ave., Columbus 7, Ohio. 


Walter C. Gumbel. public relations, Monongahela Power Co., 
Fairmont, W. Va. 


Herman J. Hall, assistant professor of agricultural enginecring 
extension, University of Missouri, Columbia, Mo. 

William E. Knapp, chief engineer, Minneapolis-Moline Power 
Implement Co. (Mail) 1420 Third Ave., Moline, Ill. 


P. W. Lyon, manager, market research, Wheeling Steel Corp., 
Wheeling, W. Va. 


Clarence J. Roberts, Jr., 18 Spring St., Tallapoosa, Ga. 

Fletcher A. Sheriff, Jr., research associate in agricultural cngi- 
neering, University of Georgia, Athens, Ga. (Mail) 762 Pu- 
laski St. 

George L. Stanford, engineering aid, Soil Conservation Service, 
USDA. (Mail) R. R. No. 1, Linden, Tex. 

George E. Thompson, farmer, R. R. No. 2, Chesnee, S. C 

P. J. C. Vorster, assistant engineer, Division of Soil Conscrva- 
tion and Extension, Stellenbosch-Elsenburg Agricultural College, 
Stellenbosch, Cape V Province, South Africa. 

William R. Walker, agricultural development representative, 
Tennessee Valley Authority. (Mail) 1035 Third Nationa! Bank 
Bldg., Nashville, Tenn. 


Joseph A, Watson, specialist, farm production equipment, Gen- 
eral Electric Supply Corp., 2101 Broadway, Kansas City, M: 
Hugh C. Watts, farm practice research specialist, Interna ional 


Harvester Company. (Mail) GPO Box 4305, Melbourne © 2, 
Victoria, Australia. 


Wien you lose the use of a wheel from an 
assembly - functionally" degendent upon 
MOBILITY STOP somethin a 


Pa a & 


+ or conveyance — 


TRANSFER OF GRADE 


James S$. Boyd, instructor in agricultural engineering, South 
Dakota State College, Brookings, $. D. (From Junior Member to 
Member ) 

Fred Meyer, Jr., soil conservationist, Soil Conservation Service, 
USDA. (Mail) Box 391, Scott City, Kan. (From Junior Member 
to Member). 

Wiley D. Poole, assistant agricultural engineer, Louisiana Agt- 
cultural Experiment Station, Baton Rouge, La. (From Junior Mem- 
ber to Member) 

Sam Shiozawa, assistant engineer, Rural Electrification Ac:min- 
istration, USDA, Washington 25, D. C. (From Junior Member 
to Member) 

J. Merle Trummel, assistant professor of mechanical engincef- 


ing, University of Iowa, lowa City, lowa. (From Junior Member 
to Member) 
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oe has greater dependability—proved by more than 
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rsity of miles in use. There’s a minimum of maintenance. 

Your line pays off faster. 
er Co, 
Alcoa A.C.S.R. is made in types to meet your 
necring 
standard and special requirements. For recom- 

Power 

; mendations and a quotation on cable and fittings, 

orp., 
get in touch with the nearest Alcoa office. Or 

ag write ALUMINUM CoMPANY OF AMERICA, 1976 
Secon: Gulf Building, Pittsburgh 19, Pennsylvania. 
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ALL FENCE 
IS AI 


This special construction 
makes Continental fence 
semi-flexible. \ / 


/ The PIONEER knot is locked 


7 / in place. It will not unwrap. 


Conrinentat fence is different! It’s the 
only fence with the PIONEER KNOT. This knot 
makes Continental fence semi-flexible to better 
withstand the crowding of livestock without hing- 
ing, folding or buckling of the stay wires. It gives 
extra strength to absorb shock and keep standing 
straight. New Continental fence is made of cop- 
per steel wire and has a uniform zinc coating. 
The Continental dealer near you can now supply 
essential needs of fence, barbed wire, nails and 
other steel products. 


Pe “AGAINST nus S 
_Jn AND GUARANTEED? 


- CONTINENTAL 


STEEL CORPORATION . | 


— GENERAL OFFICES * KOKOMO, TION. 


15 Types of Form Fence 14 Styles of Stee! Roofing Neils, Stoples, Lown 
PRODUCERS OF ~ Sates, Sutoty Borb Wire ond Siding, ond Fittings Fence, Wire Products 
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aocncansabo DIRECTORY 


UUUCELEAUUEETOOOAAG HANA UUAVUOOUENGRAUNAOOUALANELANAOUUNE EUGENES Hn 


GEORGE R. SHIER, A. E. 
Consulting Engineering Work In Farm Structures Field 
Also Sales Engineering for Selected Manufacturers 


Member A. S. A. E. Associated with Howard S. Sterner Compa).y, 
Consulting Structural Engineers, 8 East Broad Street, Columbus, ©..io 


FRANK J. ZINK ASSOCIATES 


Agricultural Engineers 


Consultants on product development, designs, research, 
market research, public relations 

A.E. Suite 4300, Board of Trade Lidg. 

E. Telephone: Harrison 0723 Chicago 4, Illinois 


IrELLOW A.S. 
MeEMBER S.A. 


RATES: Announcements under the heading ‘‘Professional Directory’ in 

AGRICULTURAL ENGINEERING will be inserted at the flat ra‘e of 
$1.00 per line per issue; 50 cents per line to A.S.A.E. members. }ini- 
mum charge, four line basis. Uniform style setup. Copy must be re- 
ceived by first of month of publication. 


Personals of A.S.A.E. Members 


(Continued from page 234) 


Philip V. Eshelman, who served in the U. S. Naval Reserves 
during the war, was recently released and has accepted a pos:tion 
as field service engineer with the Harry Ferguson, Inc. 

Robert A. Fletcher, on military leave of absence from his posi- 
tion with the Hyster Company for more than four years, has re- 
cently returned to his former position with the company. During 
the war he served as an officer in the Ordnance Department o! the 
oe and spent 22 months overseas. 

R. Friberg has recently joined the agricultural engineering 
staff e the Universithy of Idaho with the rank of associate protes- 
sor. His duties will include resident instruction and extension 
work. During the war he served in the Army Air Force Training 
Command attaining the rank of major. 


Charles W’. Geelan was recently discharged from military service 
and is now engaged as district agricultural engineer for the King- 
Stonewall Soil Conservation District of the U.S. Soil Conservation 
Service at Aspermont, Texas. 

Dan N. Harrell has accepted a position as farm structures spe- 
cialist in the Georgia Agricultural Extension Service, for work 
primarily on freezer locker plants and the processing of farm 
products. 

C. H. Jefferson is now engaged as engineer for the Vermicu- 
lite Research Institute at Evanston, Ill. He was formerly farm 
structures specialist in the agricultural engineering department at 
Michigan State College. 

Walter H. Kendall is a field sales representative for the liver 
Corporation, and is located at Woodstown, N. J. 

Ernest H. Kidder has returned to his work as associate hy- 
draulic engineer for the Soil Conservation Service at Urban... Ill. 
During the war he served as a lieutenant in the U. S. Nave! Re- 
serves, 

A. W’. Lavers, for several years chief engineer of the «uto- 
motive division of Minneapolis-Moline Power Implement Co. and 
later industrial tractor engineer of Harry Ferguson, Inc., is sow 
chief engineer, farm equipment division, Graham-Paige Motors 
Corp. 


M. R. Lewis is shortly completing his work as cons ‘ting 
irrigation engineer on a project for the department of public ». irks 
of Venezuela, and has accepted a position with the USDI B: eau 
of Reclamation at Boise, Idaho. 

Wharton A. LeBlanc is field engineer, engaged in contactin, ind 
advising farmers, for the General Gas Corp. of Baton Rouge. La. 

Edwin J. Matthews has accepted a position as instruct): in 
agricultural engineering at the University of Tennessee. 

Lester H. McGill is now a field engineer for the Li! ston 
Implement Co., Albany, Ga. 

Richard L. Patrick was recently appointed instructor in 211 
cultural engineering at the A. & M. Colloge of Texas. 

Grace L. Pennock, until recently connected with the Bo ix 
Corporation is now engaged in appliance test work at the (on 
sumer’s Institute of the General Electric Co., Bridgeport, Con: 

Russell C. Shipman resigned: recently as extension agricu!: ral 
engineer at Purdue University to become associated with the ( ‘0- 
operative G.L.F. Farm Supplies, Inc., as assistant agricultural «ngi- 
neer in the research and development department. 
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_ —i—éi SS PLOWMEN STOPPED WALKING — 
IN 1875 


|S ee Ga lurching plow in the ground 

from daylight ’til dark—following an 
endless furrow for weeks on end—was 
gruelling work for even the brawny 
pioneer. No wonder the John Deere “‘Gil- 
pin Sulky” plow met with acclaim when it 
was introduced in 1875. 


manufacture, this sulky won countless plow- 
ing contests; received gold medal awards at 
both the Vienna and Paris Expositions in 
competition with the world’s best plows. 
Farmers swore by the “Gilpin Sulkies”; 
wrote poetry about them; bought 50,000 
in the first six years of their production. 


In 1875, the “Gilpin Sulky” helped man 
to declare his independence from plowing 
drudgery. Today, John Deere continues 
to pioneer dependable plowing equipment, 
the latest of which is the new line of truss- 
frame tractor plows. The full line of 
John Deere tillage equipment is designed 
to make farms more productive, and 
farming easier and more profitable. 


This new sulky plow was the answer to 
a plowman’s dream. Wheels lifted his 
weary legs out of the furrow; iron sinews 
held the plow level at its work; and a handy 
control lever let him boss the plowing job 
from a comfortable seat. 


Of course there were critics, but the John 
Deere “Gilpin Sulky” answered them 
in the field. During the first years of its 


JOHN DEERE QUALITY FARM EQUIPMENT SINCE 1837 
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FARMALL" 


the Key to Better Farming 


Farmall-H — the 
popular tractor 
for average size 
farms. 


i 


ap pene power unlocks the treasure house 
of increased production. It is the key to 
better, more profitable farming. It enables the 
American farmer to do more work, better work 
and a greater variety of work than by any other 
means. 

Farmall tractors used today mean better farms 
tomorrow. 


INTERNATIONAL HARVESTER COMPANY 
180 North Michigan Avenue Chicago 1, Illinois 
Listen to ‘“‘Harvest of Stars’’ Sunday, 2 p.m. (EDT)—-NBC 


"Protecting Crops, Machinery, Homes 
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RESIDENTIAL 
CONSTRUCTION 
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COVER MACHINERY TRUCK AND WAGON 
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COVER CRIBS COVER BINDER CANVAS PROTECT 
CONCRETE 


On farms — like any other business — every dollar saved is 
that much profit. Wind, rain, sleet, snow — exposure of every 
kind — can do much damage to harvested crops, machinery, 
buildings. With Sisalkraft much of this loss can be avoided. 


Sisalkraft is ideal for temporary silos — emergency storage 
of grain — covering hay stacks — protecting machinery — 
curing concrete — lining poultry houses — protecting the 
home — plus many other uses. Costs little. Tough, tear- 
resistant, and waterproof. Can be used again and again. 


Sisalkraft is sold through lum- 
ber dealers everywhere. Write 
for folders on Sisalkraft’s many 
farm uses. 


SISALKRAFT, FIBREEN, 


Personnel Service Bulletin 


The American Society of Agricultural Engineers conducts a Personne] 
Service at its headquarters office in St. Joseph, Michigan, as a clearing 
house (not a placement bureau) for putting agricuitural engineers seck- 
ing employment or change of employment in touch with po8sible employ- 
ers of their services, and vice versa. The service is rendered without 
charge, and information on how to use it will be furnished by the Socie:y. 
This bulletin contains the active listing of ‘‘Positions Open’’ and ‘‘Posi- 
tions Wanted’’ on file at the Society’s office, and information on exch 
in the form of separate mimeographed sheets, may be had on request. 


Norte: In this Bulletin the following listings still current and 
previously reported are not repeated in detail. For further informa- 
tion see the issue of AGRICULTURAL ENGINEEGING indicated: 


PosITIONS OPEN: FEBRUARY—O-448, 452, 464, 474, 479, 
480, 481, 484. APRIL—O-488, 491, 492, 493. 


PosiTlIoNSs WANTED: FEBRUARY—W-200, 207, 209, 210, 
211, 227, 230, 233, 234, 235, 248, 250, 254, 267, 270, 271, 274, 
282, 289, 292, 295, 296. APRIL—W-232, 237, 238, 240, 217 
253, 255, 256, 258, 262, 263, 265, 266, 269, 273, 276, 277, 281 
283, 285, 287, 290, 291, 297. 


Attention is invited to the desirability of checking on the 
housing situation when considering a new location. 


POSITIONS OPEN 


AGRICULTURAL ENGINEER to be in responsible charge of new 
agricultural engineering department in large Middle West farm man:ige- 
ment organization. Work will involve all subject matter subdivisions of 
agricultural engineering. Graduate agricultural engineer with good back- 
ground in agricultural and agricultural engineering work preferred. 
Opportunity for right man to advance to high executive position. Com- 
pany has liberal employment policy with pension, hospitalization, sick 
benefit, and stock purchase plans. Age preference 30-35. Salary $3(00- 
$5000, depending on age and experience. O-494 


ASSISTANT OR ASSOCIATE PROFESSOR of agricultural engineer- 
ing for teaching and research principally in farm structures, in eastern 
land grant college. Prefer man with farm background; MS degree in 
agricultural engineering, or equivalent; some teaching and research ex- 
perience, particularly in farm structures; some experience in design of 
structures; ability to draft, organize and carry out research projects, 
and ability to work with college students and farm people. Opportunity 
to help rebuild a department decimated by war conditions. Age —less 
than 40. Salary open. O-495 


INSTRUCTOR in agricultural engineering for teaching and research 
with primary responsibility instruction in farm shop, in eastern land 
grant college. Prefer man with farm background, BS degree in agri- 
cultural engineering, training or experience in teaching farm shop; 
familiar with teacher training methods in vocational agriculture; neat 
and orderly in work habits; able to meet with and direct the work of 
college students. Opportunity for advancement to assist professor in 
three years. Age—less than 30. Salary $2600 to start. O-496 


GRADUATE ASSISTANT in agricultural engineering, for one-half 
time class and laboratory teaching in various agricultural engineering 
subjects; one-half time study for MS degree, in eastern land grant col- 
lege. Prefer man with farm background; BS degree in agricultural 
engineering; neat and orderly habits; ability to meet and work with 
college students and farm people. Opportunity to qualify for MS degree 
in two years. Salary $1200. O-497 


AGRICULTURAL ENGINEER for research, design, and development 
of new ideas in farm machinery for large scale sugar cane producer in 
Puerto Rico. Prefer man with BS degree in agricultural engineering 
and considerable experience in heavy farm equipment field. House, partly 
furnished, provided for married man, or room and board in company 
hotel for single man. Salary open. O-498. 


TRACTOR SERVICE MAN for operation and maintenance work in 
fleet of more than 100 tractors, mostly diesel, and related equijment 
used in large scale sugar cane production in Puerto Rico. Prefer man 
with actual experience in operation and maintenance of tractors and 
related equipment. House, partly furnished, provided for married man, 
or room and board in company hotel for single man. Salary open. 0-499 


DESIGN ENGINEER in plant manufacturing seeding, planting, and 
fertilizing equipment. Prefer man with BS degree in agricultural or 
mechanical engineering; agricultural and machine design experience; 
familiarity with steel, sheet metal, malleable iron, and cast iron mate- 
rials and fabricating processes; interest in agricultural developn ents; 
ability to work with others; willingness to make contacts for necessary 
information; ability to take hold of assigned new design project, origi- 
nate design, direct layout and detail draftsmen in completing cesign, 
and direct building of experimental models. Opportunities favora''\e as 
engineering department concerned in expanding. Age 30-35. ‘Salary 
open. O-500 


EXTENSION AGRICULTURAL ENGINEER (assistant pro!essor 
rating) for full time extension work in all subject matter branciies of 
agricultural engineering, with emphasis on farm machinery and rural 
electrification in eastern land grant university. Prefer man with BS 
degree in agricultural engineering; well grounded in farm machinery and 
rural electrification fields, and with some training or experience in farm 
buildings; and usual qualifications for extension work. Opportuni', for 
pioneering work in state where no agricultural engineering ext»nsion 
work has been done to date. Salary $3200-$3600. O-501 


EQUIPMENT SALES AND SERVICE MAN for work with nationally 
known lines in large Middle West farm management and sales org niza- 
tion. Prefer college graduate in agricultural engineering, with & 
background in corn belt farming and particular interest in sales work. 
Opportunity for right man to advance to executive in one of three retail 
sales outlets. Company has liberal employment policy, with pension, 
hospitalization, sick benefit, and stock purchase plans. Age 25-30. 
Salary open. O-502 


(Continued on page 240) 
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SAFETY ALWAYS COMES FIRST WITH ATLAS 


Safety plays an important part in efficient production. Accidents reduce output and 


impair morale. They mean reduced income for the operator and for the man injured. 
They cause pain and suffering. 


That’s why Atlas always considers safety so essential in the development of new 


products. Atlas makes every effort to reduce the hazard inherent in the mishandling 
of explosives. 


Atlas has made many vital contributions to safety . . . the insulated firing assembly, 
the metal safety shunt, the Accordion Fold package, and Atlas Manasite detonators. 


You can depend on Atlas to continue to be the first to make safety precautions more 
effective than ever. 


EXPLOSIVES | 


eeu » 4 “Everything for Blasting”’ 
ATLAS POWDER COMPANY, Wilmington 99, Del. Offices in principal c 
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HEAVY-DUTY 
SERVICEABILITY 
in a Small Engine 


WHEN YOU SPECIFY 
WISCONSIN -42¢=c2ao¢ea- ENGINE 


In designing power-operated equipment within a 2 to 4 hp. range 
... one of the vitally important considerations is to secure a power 
unit that can be depended upon for heavy-duty serviceability. 


This is one of the predominant characteristics of the little Models 
AB and AK Wisconsin Air-Cooled Engines. Every detail of design 
and construction . . . from the Timken tapered roller bearing 
mounting of the crankshaft front and rear, to the mirror-honed 
cylinder . . . has been engineered for heavy-duty operation under 
rugged conditions. These engines are equipped with rotary type 
outside magneto with impulse coupling, assuring quick, easy start- 
ing in any weather, at any season. 


Write for detailed specifications and other pertinent data. Wis- 
consin Air-Cooled Engines are available in 4-cycle single cylinder 


and V-type 4-cylinder models in a complete power range from 
2 to 30 hp. 


WISC 


MILWAUKEE 14, WISCONSIN) 


N THE field of the smaller 
portable structures Rilco 
gives the farm operator extra- 
ordinary value for the money. 


Rilco glued laminated rafters 
are engineered to do the job. They 
are strong, sturdy, yet light in 
weight and easy to handle. 

These modern rafters are fac- 
tory-built to precision standards 
and arrive at the farmstead all 
ready for erection. By following 
simple directions even the inex- 
perienced can build well. 


By fastening the rafters to the 
floor frame with Rilco angle irons, 
a simple procedure, the strong 
frame is in position. Rilco angle 
irons eliminate toe-nailing. 

Application of roof sheathing is 
a simple nailing job. 


sa 


a 


i 
Ms 
Lee RILCO Laminaten Prooucrs, inc. 
. he | i A Weyerhaeuser Institution 
ai ee 1682AE First National Bank Bldg., Saint Paul.1,!Minn. 
nk 


ONSIN MOTOR Corporation 


_ WORLD'S LARGEST BUILDERS OF HEAVY-DUTY AIR-COOLED ENGINES 


PERSONNEL SERVICE BULLETIN 


(Continued from page 238) 


EXTENSION AGRICULTURAL ENGINEER (assistant professor 
rank) for work in farm machinery and buildings, in eastern land grant 
college. Prefer man with tarm background; BS or higher degree in 
agricultural engineering, ability to adjust and operate ordinary farm 
machines for greatest efficiency; ability to write, talk at meetings and 
demonstrations, and organize county workers. Opportunity to advance 
to professor rank and head of agricultural engineering extension e- 
partment. Age 25-30. Salary »30u0. O-503 


POSITIONS WANTED 

ACNICULTURAL ENGINEER desires development, sales, or service 
work 10 power and machinery or farm structures field, with private 
couipany serving agriculture. BS deg, Kansas State Coilege, 1943. Two 
years experience in farm power con.racting business before completing 
wouege. bart time employment in college as undergraduate assistant in 
gas engine and tractor laboratory. More than two years Navy com- 
--.ssioned service since graduation, mostly in diesel engineering work. 
4,0 pnysical defects. Available immediately. Married. Age 26. Salury 
22800 (approx). W-300 


ACRICULTURAL ENGINEER desires design, development, or re- 
search work in farm machinery, or development, sales, or service work 
ia rural electrification. BS deg, Virginia Polytechnic Institute, 142. 
sx arm reared. Nearly four years commissioned service in Field Artillery 
since graduation. Now teaching science in rural high school, on emer- 
gency certificate. No physical defects. Available immediately. Married, 
Age 25. Salary $2400. W-301 


AGRICULTURAL ENGINEER desires work in soil and water field; 
or research, development, sales or service work in farm machinery or 
rural electrification either with private industry or in public service. 
BS deg, Texas A and M College, 1943. Nine years experience in work 
on father’s general farm immediately prior to college training. Gradu- 
ation followed by more than two years commissioned service in Army 
Engineer Corps. Now temporarily employed in Soil Conservation Service 
with SP-5 rating, on surveys and drafting for drainage systems. No 


physical defects. Available immediately. Single. Age 25. Salary 
$2400. W-302 


AGRICULTURAL ENGINEER desires research, design, or develop- 
ment work in soil and water or farm machinery field, in public service. 
BS deg, University of Georgia, 1942. Graduation followed by more than 
three years enlisted and commissioned service in Calvary and Army 
Ordnance. No physical defects. Available immediately. Married. Age 
27. Salary $250-$300 mo. W-303 


AGRICULTURAL ENGINEER desires sales or service work in power 
and machinery field, in private industry. BS deg, Kansas State College, 
expected May 19, 1946. Reared on farm and experienced in operating 
and servicing various types of farm machinery. College training inter- 
rupted by more than four years Army commissioned service, in Coast 
Artillery and in Air Corps as a fighter pilot. No physical defects. Avail- 
able about May 25. Married. Age 27. Salary $3000. W-304 


AGRICULTURAL ENGINEER desires teaching, research, or exten- 
sion work in soil and water or farm structures field. BS deg, Uni- 
versity of Georgia, 1943. Graduation followed by nearly three years 
Army service. Grounded as flying cadet in 1944 due to palpitation of 
heart, but now in perfect health. Available immediately. Single. Age 
24. Salary $3000. W-305 


AGRICULTURAL ENGINEER desires development or sales work in 
farm machinery or rural electrification field. BS deg in agriculture, 
major in agricultural engineering, Ohio State University, 1940. BS deg 
in agricultural engineering expected June ‘46. Raised on power farm. 
Additional experience as reporter for Ohio Bureau of Markets, ‘wo 
summers, in a cannery one summer, and assembling farm machinery 
one summer. More than five years army commissioned service in Corps 
of Engineers. No physical defects. Available July 1. Married. Age 29. 
Salary $3600. W-306 


AGRICULTURAL ENGINEER desires research, teaching, or sales 
work in farm machinery. BS deg, Kansas State College, 1939. Gradua- 
tion followed by 18 months sales and service of farm machinery, as 
factory representative; two years aircraft parts sales, factory office; 9 
months, junior engineer, Soil Conservation Service; 30 months, seaman, 
Merchant Marine. No physical defects. Available immediately. Single. 
Age 31. Salary $300 mo. (or less in training period). W-307 


CONSTRUCTION AND CONSERVATION ENGINEER desires ‘arm 
structures extension work, work in a government agency, or as a con- 
struction inspector. Night school training in engineering 1937-39. /!=x- 
perience in farming; as surveying leader in CCC Camp; in Nebraska 
State Highway Engineering Dept., 1940-42; U. S. Navy Construction 
Battalion, 1942-46. Since January employed in U. S. Soil Conservstion 
Service, with SP -5 rating, on topographic and base mapping, sts\ing 
out dams, etc., planting, and irrigation. No physical defects. il- 
able three weeks after notice of employment. Married. Age 28. Salary 
$3000. W-309 


AGRICULTURAL ENGINEER desires development or sales «"gi- 
neering work with manufacturer or trade association in farm bui! jing 
materials or equipment field. BS deg. Four months research in .1rm 
structures under Henry Giese. Two years Navy service, mostly ©>m- 
missioned, as assistant and chief engineer on vessel of 12,000 hp. No 
physical defects. Available immediately. Married. Age 23. © iy 
$2400. W-310 


AGRICULTURAL ENGINEER desires work in soil and water ‘on- 
servation or reclamation field. BS deg, Kansas State College, exp: ted 
May 19. Farm background and experience with farm machinery. 4 ril- 
able about May 27. Age 25. Salary $2800. W-311 


AGRICULTURAL ENGINEER desires design, research, or dey. 0P- 
ment work in farm machinery. BS deg, Kansas State College, exp: ted 
May 19. Experience between junior and senior year in college, in °™- 
ployment of Boeing Airplane Co., Wichita, Kans.—July ’39 to Oct. 10, 
punch press operator, drill press operator, layout on handmade fit! a8 
and tool making; Oct. "40 to Dec. '41, crew chief in machine s)°P; 
Dec. ’41 to Nov. °42, tool design department as designer, designer 2W 
chief, and senior designer; Nov. °42 to Sept. '45, assistant fore! <n, 
acting foreman, and foreman. Employment terminated to complete be” 
lege training. No physical defects. Available August 1, or soonc> i 
necessary. Married. Age 33. Salary open. W-312 


AGRICULTURAL ENGINEER desires design and development » rk 
in farm structures; or as project engineer in soil and water conserva 
tion. BS deg, North Dakota Agricultural College, 1943. Ten years °X- 
perience in wheat farming. Part time employment in agricultural en- 
gineering department while in college. More than two years ae 
service, enlisted, aviation cadet, and commissioned pilot in Air Corps. - ; 
physical defects. Available in June. Single. Age 24. Salary $2400. W-s1 
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